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Forty-Second Annual Meeting of the American Association 
of Economic Entomologists, Des Moines, Iowa 


DeceMBER 30, 1929 To JANUARY 2, 1930 


The 42nd annual meeting of the American Association of Economic 
Entomologists will be held at Des Moines, Iowa, on the above-named 
dates. The meeting of the Section of Plant Quarantine and Inspec- 
tion will be held Monday, December 3u, starting at 9:30 A.M. The 
Extension Entomologists and Insect Pest Survey will hold a meeting, 
starting at 3 P.M. 

The opening business session of the general Association and address 
of the President will be held Tuesday, December 31, beginning at 
9:30 A.M., and will be followed by the reading of papers through the 
remainder of that session and the afternoon. The Entomologists’ dinner 
will be held at the Hotel Savery at 7 P.M. Tuesday. Reading of papers 
before the general Association will continue through Wednesday. 
Starting at 9:30 A.M., that day, the Section of Apiculture will hold 
its meeting in a separate room. Reading of papers will continue 
through the morning session on Thursday and the meeting will con- 
clude with a final business session in the afternoon. 

Sunday, December 29, an all-day trip has been scheduled to Iowa 
State College, Ames, to visit the entomological and other biological 
laboratories there. A dinner for visiting entomologists and their friends 
will be served on the Campus followed by an informal program. Fare 
and return from Des Moines, by Interurban Electric, $1.00; by bus, 
$1.20. Ames may also be reached by auto over paved roads. 


SECTIONAL MEETINGS 


The meeting of the Section of Plant Quarantine and Inspection will 
be held at 9:30 A.M., Monday, and will continue until 3 P.M. The 
meeting of the Section of Apiculture will be held at 9:30 A.M., Wed- 


nesday. 


OTHER MEETINGS 


The annual meeting of the American Association for the Advancement 
of Science, its sections and associated societies, will be held December 
27, 1929 to January 2, 1930. 
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The Entomological Society of America will open its meeting on Satur- 
day morning, December 28, and will continue through that day. Their 
meeting will be resumed on Monday, December 30. The annual public 
address before that society will be delivered by Dr. W. M. Mann of 
Washington, D. C., Monday evening at 8 o’clock. Members of this 
Association are especially invited to attend this session. 

The Extension Entomologists and Insect Pest Survey will hold a 
meeting on Monday, December 30, at 3 P.M. Meeting room at Hotel 
Savery will be arranged. The Crop Protection Institute will hold a 
dinner and meeting at Younker’s Tea Room at 6:30 P.M., and will close 
at 7:45 P.M. Conference on Hessian fly problem will be held in the 
Assembly Room of the Hotel Savery at 8 P.M., Wednesday, January 1, 
1930. 


Hote, HEADQUARTERS 


The Hotel Savery, 4th Street at Locust Street, will be headquarters 
for this Association. Rates as follows: 


RAILROAD RATES 


Practically all railroads offer reduced fares to the meeting of the 
A.A.A.S. Those attending the meeting should purchase first-class, 
one-way ticket, securing a railway certificate from the railway agent 
for each ticket purchased. The agent should be asked for a “‘certifi- 
cate for the Des Moines convention of the American Association for 
the Advancement of Science and Associated Societies.’’ These certifi- 
cates are to be presented at the registration offices of the Association 
upon arrival at the meeting, where they will be endorsed and 
validated. They are afterwards returned to their owners, who are to 
present them at the Des Moines railway office when they purchase 
their return tickets, which will be sold at one-half the regular one-way 
rate. It isa rule of the railway associations that the return trip is to be 
continuous, without stop-overs, and that it must follow the same route 
as the trip to Des Moines. The time limits are ample to accommodate 
people arriving in Des Moines on December 26 and leaving January 6. 
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REGISTRATION 


A registration fee of $2 is to be paid by each person registering, but 
this fee is to be reduced to $1 for life members of the A.A.A.S. and for 
annual members who have paid their annual dues for the year 1929-1930 
or who pay these Association dues on registering. All who register will 
receive the general Program and the official badge for the meeting. 


MemBERSHIP—A.A.A.S. 


Special privilege is granted this year to all our members to join the 
American Association without payment of the usual entrance fee. 
Application cards are available through the Secretary of that organiza- 
tion. Payment of $5 for dues for the current year should accompany 
application. 


ENTOMOLOGISTS’ DINNER 


The entomologists’ dinner will be held at the Hotel Savery, Tuesday 
evening at 7 o’clock. All entomologists are cordially invited to attend. 


MEMBERSHIP 


Applications for membership can be secured from the Secretary or 
from the Committee on Membership. These should be filled out, 
properly endorsed, and filed with the Membership Committee on or 
before December 31. Each application must be accompanied by fee of 
$4.00 to cover dues and subscription to the JouRNAL for the year 
following election. 


EXHIBITS 


Members are requested to make exhibits of appliances, apparatus, 
photographs, maps or models demonstrating life history or control 
methods in preventing insect damage. Such exhibits will be displayed 
in a room adjoining the Assembly Room in the Hotel Savery. Members 
wishing to send exhibits should correspond with Dr. C. H. Richardson, 
lowa State College, Ames, who is in charge of local arrangements for the 
Association. 

The American Association Exhibition of apparatus for research, etc., 
will be in the Shrine Temple. Free space has been reserved for non- 
commercial exhibits and research workers are invited to write to the 
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Permanent Secretary (Smithsonian Institution, Washington, D. C.) 
about apparatus, etc., that they would be willing to exhibit. 

A cordial invitation is extended to all members of this Association to 
visit the collection of exhibits at the Brown Marine Museum, Brown 
Hotel, Des Moines. The exhibits are composed of fish and birds from - 
all parts of the world. 


Program 
Section of Plant Quarantine and Inspection 
Frank N. WaALLAceE, Chairman S. B. Fracker, Secretary 


Monday Morning Session, December 30, 9:30, Ball Room, Hotel Savery 


Appointment of Committees on Resolutions and on Nominations 


Address by the Chairman, Frank N. Wallace, Indianapolis, Indiana. 

1. The Mediterranean Fruit Fly Eradication Campaign. (Lantern.) 
C. L. Marlatt, Washington, D. C. 

2. Problems in Japanese Beetle Research. (Lantern.) L. B. Smith, 
Moorestown, N. J. 

3. Treatment of Soil to Destroy the Japanese Beetle. (Lantern.) 
W. E. Fleming, Moorestown, N. J. 

4. A Summary of Quarantine and Control Operations Employed in 
Preventing the Spread of the Japanese Beetle (Popillia japonica Newm.) 
and certain Asiatic Beetles (Aserica castanea Arrow and Anomala 
orientalis Waterhouse). (Lantern.) C. H. Hadley, Camden, N. J. 

5. Recent Interceptions of Plant Pests. E. R. Sasscer, Washington, 
D. C. 

6. European Corn Borer Quarantine Enforcement in 1929. L. H. 
Worthley, Boston, Mass. 

7. Gipsy Moth Barrier Zone Maintenance Problems during the Past 
Season. (Lantern.) A. F. Burgess, Melrose Highlands, Mass. 


Program 
Monday Afternoon Session, December 30, 2:00 


8. The Pine Tortoise Scale in Nebraska. L. M. Gates, Lincoln, Neb. 

9. Transportation Systems in Their Relation to the Enforcement of 
Domestic Plant Quarantines. (Lantern.) S. B. Fracker and R. A. 
Sheals, Washington, D. C. 
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10. Hot-water Treatment of Narcissus Bulbs in Wisconsin. (Lan- 
tern.) E. L. Chambers, Madison, Wisc. 
11. The Present Status of the Plant Inspection Service in Missouri. 
K. C. Sullivan, Jefferson City, Mo. 
12. How the Plant Division of the Missouri State Board of Agri- 
culture is Serving the Fruit Grower. B. F. Boillot, Jefferson City, Mo. 
13. Argentine Ant Eradication Methods and Results. (Lantern.) 
R. W. Harned, A. & M. College, Miss. 
14. Symptoms, Distribution and Economic Importance of the Phony 
Peach Disease. (Lantern.) L. M. Hutchins, Fort Valley, Ga. 
15. Practicability of Hot Water Treatment for the Boxwood Leaf 
Miner. E. N. Cory, College Park, Md. 
16. Report of the National Plant Board. W. A. McCubbin, Secre- 
tary, Harrisburg, Pa. 
17. Reports of the Regional Boards: 
The Eastern Plant Board. T. J. Headlee, Chairman, New 
Brunswick, N. J. 
The Southern Plant Board. G. M. Bentley, Chairman, Knox- 
ville, Tenn. 
The Central Plant Board. P. A. Glenn, Secretary, Urbana, III. 
The Western Plant Quarantine Board. W. C. Jacobsen, Secre- 
tary, Sacramento, Calif. 
Reports of Committees. 
Selection of Officers. 
Adjournment. 


Program 
MEETING, EXTENSION ENTOMOLOGISTS AND INSECT Pest SURVEY 


Monday Afternoon, December 30, 3:00, Hotel Savery 


It is planned to have a symposium consisting of several short papers 
from workers in the different states on cooperative work among exten- 
sion entomologists. 


Program 
AMERICAN ASSOCIATION OF Economic ENTOMOLOGISTS 


Tuesday Morning Session, December 31, 9:30, ‘Ball Room, Hotel Savery 


Report of the Secretary. 
Report of the Executive Committee, by President T. J. Headlee. 
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Report of the Representative to the National Research Council, by 
W. A. Riley, St. Paul, Minn. 

Report of the Governors of the Crop Protection Institute, by W. C. 
O’Kane, Durham, N. H. 

Report of Scientific Trustee, Tropical Plant Research Foundation, by 
Herbert Osborn, Columbus, Ohio. 

Report of the Representative on the Council of the Union of Biological 
Societies, by A. L. Quaintance, Washington, D. C. 

Report of the Committee on Nomenclature, by J. A. Hyslop, Washing- 
ton, D. C. 

Report of Committee on Endowment, by A. F. Burgess, Melrose High- 
lands, Mass. 

Report of Editorial Board on Index to Economic Entomology, by 
E. P. Felt, Stamford, Conn. 

Report of Board of Trustees for Permanent Fund, by A. F. Burgess, 
Melrose Highlands, Mass. 

Report of the Committee on National Museums, by R. W. Harned, 
A. & M. College, Miss. 

Report of Co-ordinating Committee on Program, by Alvah Peterson, 
Columbus, Ohio. 

Report of Committee to Formulate Plans for Investigation of the Cod- 
ling Moth from Biologic and Control Standpoints, by A. L. Quaint- 
ance, Washington, D. C. 

Report of Committee on Research Work on the Control of the European 
Corn Borer, by G. A. Dean, Manhattan, Kansas. 

Report of Committee on Recommendations to Secretary of Agriculture 
with Reference to Needs for Foreign Stations to Study Insect Pests, 
Plant and Animal Diseases Introduced or Likely to be Introduced, 
by Herbert Osborn, Columbus, Ohio. 

Report of Committee on Training of Entomologists, by W. C. O'Kane, 
Durham, N. H. 

Appointment of Committees. 

Miscellaneous Business. 


New Business. 
Annual Address of the President, T. J. Headlee, New Brunswick, N. J. 


1. Some Tendencies in Modern Economic Entomological Research. 
Discussion of the Presidential Address. 
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READING OF PAPERS 
Insects AFFECTING ForREST AND SHADE TREES 


2. The Gipsy Moth Outbreak in Southern Quebec. (5 min.) L. S. 
McLaine, Ottawa, Canada. 
A brief history of the first outbreak of the gipsy moth in Canada and its control. 

3. Results Secured on the Gipsy Moth Extermination Project in 
New Jersey. (5 min.) (Lantern.) A. F. Burgess, Melrose Highlands, 
Mass. 

4. The Economic Importance of Shade Tree Insects. (5 min.) 
E. P. Felt, Stamford, Conn. 


This is an attempt to evaluate the real place of shade tree insects. 


5. A Preliminary Report on the Control of the Pine Tip Moth 
(Rhyacionia frustrana (Comstock.) (5 min.) (Lantern.) F. F. Smith, 
H. J. Fisher and T. L. Guyton, Harrisburg, Pa. 

The pine tip moth (Rhyactonta frustrana (Comstock)) is established in certain small 
pine plantations and is a serious pest in evergreen nurseries. Various control 
measures were tried against this insect, some of which when applied in the egg 
stage were found to be practical. 


Program 
Tuesday Afternoon Session, December 31, 1:30, Ball Room, Hotel Savery 
READING OF PAPERS 


INsEcTs AFFECTING Decipvuous FRUITS 


6. An Experiment with Traps in Combating the Japanese Beetle. 

(5 min.) E. R. VanLeeuwen, Moorestown, N. J. 

Five hundred traps baited with geraniol and eugenoil for attracting the Japanese 
beetle were placed at intervals of 50 feet on grounds of Beaver College at Jenkin- 
town, Pennsylvania. Between the period, July 9 to August 23, 1876 pounds or 
approximately 10,000,000 were captured in the traps. 

7. Rearing Codling Moth Larvae Throughout the Year. (5 min.) 

M. D. Farrar and W. P. Flint, Urbana, III. 

8S. Some Comments Upon Methods in Use in Codling Moth In- 
vestigations. (5 min.) Paul M. Gilmer and H. G. Butler, Wichita, Kans. 

9%. Some Substitutes for Arsenic in Control of Codling Moth. (5 min.) 
(Lantern.) T. J. Headlee, New Brunswick, N. J. 


Both pyrethrum-oil and Nicotine Tannate are shown to have possibilities. 


10 


10. New Combination Sprays for Codling Moth Control. (5 min.) 

(Lantern.) Anthony Spuler, Wenatchee, Wash. 

Paper discusses value of combinations of lead arsenate with mineral oil, fish oil, 
pyrethrum compounds and of combinations of mineral oil and nicotine sulfate in 
codling moth control. 

11. Results of Tests with Miscellaneous Chemicals in Control of the 
Codling Moth. (5 min.) L. C. McAlister and E. R. Van Leeuwen, 
Moorestown, N. J. 

12. Further Experiments with Nicotine-Oil for the Control of the 
Codling Moth. (5 min.) M. D. Leonard, Louisville, Ky. 

Experiments conducted in the Pacific Northwest during the season of 1929 are 
reported upon. These were in cooperation with several of the leading oil spray 
manufacturers. The results, in general, substantiate those obtained in 1927 and 
1928, further indicating the value of the nicotine-oil combination in the general 
apple spray schedule in the Northwest. 

13. Some Factors Affecting the Abundance of Oriental Fruit Moth. 
(5 min.) S. W. Frost, Arendtsville, Pa. 

Figures are given showing the effect of temperature, precipitation, twig growth and 
ripening of fruit on the abundance of the oriental fruit moth. 

14. Certain Factors Influencing Oriental Fruit Moth Infestations. 
(5 min.) R. B. Neiswander and L. A. Stearns, Wooster, Ohio. 

A study of the relation of twig growth to Oriental Fruit Moth infestation. 


15. Hydrated Lime in Summer Sprays for the Control of the Oriental 
Fruit Moth (A Second Report). (5 min.) (Lantern.) L. A. Stearns and 
R. B. Neiswander, Wooster, Ohio. 

A record of the results of laboratory tests and orchard spraying in Ohio during 1929, 
emphasizing further the possibility of control with sprays which act as a physical 
or mechanical hindrance to oviposition, hatching and larval entry. 

16. Supplementary Control Measures for the Oriental Fruit Moth. 
(5 min.) (Lantern.) S. C. Chandler, Carbondale, III. 

Data are given on results of banding, with notes on habits of larvae and on use of 
P.D.B. 

17. Oriental Fruit Moth Bait Trap Studies. (5 min.) W. P. Yetter, 
Jr., Vincennes, Ind. 

Preliminary work with Laspeyresia molesta Busck in Southern Indiana places em- 
phasis on the attractiveness of certain aromatic chemicals when used in solutions 
of black strap molasses or granulated sugar. Boiled peach juice shows promise. 
18. Additional Notes on Aphis pomi DeG. (5 min.) (Lantern.) 

C. R. Cutright, Wooster, O. 

The relation of food to migration and reproduction of Aphis pomi. 
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19. The Influence of Resistant Apple Scions on the Susceptibility of 
Non-Resistant Stocks with Relation to Woolly Aphid Attacks. (To be 
read by title.) C. L. Fluke, Jr., Madison, Wisc. 
In tests using Spy as a resistant scion, very little, if any, beneficial influence was 

noted. 

20. Observations on a New Apple Mining Caterpillar in Missouri. 
(5 min.) (Lantern.) Leonard Haseman, Columbia, Mo. 


Records on distribution, nature and extent of injury and breeding habits. 


21. A New Insect Pest of Cherries in Wisconsin. (5 min.) (Lantern.) 

A. A. Granovsky, Madison, Wisc. 

Coleophora sp. on cherries has been steadily increasing in number for the last few 
years until this summer, when it proved to be a pest of major importance. A brief 
discussion of bionomics is included. Control with oils is promising. 

22. Fidia longtpes as a grape pest. (5 min.) Dwight Isely, Fayette- 
ville, Ark. 

Status of Fidia longipes as a grape pest in Arkansas, and a comparison with F. 
viticida. 

23. A New (?) Raspberry Pest. (5 min.) (Lantern.) C. L. Metcalf 

and A. S. Colby, Urbana, IIl. 


The importance, known distribution, egg-laying, hatching, nymphal habits, and egg- 
parasites of an Orthopterous pest recently destructive in Illinois. 


Program 


Wednesday Morning Session, January 1, 1930, 9:30, 
Ball Room, Hotel Savery 


READING OF PAPERS 


Insects AFFECTING CEREAL, FORAGE AND FIELD Crops 


24. Experimental Determination of Corn Borer Damage. (5 min.) 
(Lantern.) L. H. Patch, Sandusky, Ohio and D. J. Caffrey, Arlington, 
Mass. 


The percentage reduction in weight of ears and in weight of marketable ears, and the 
percentage increase in barren plants and in plants broken because of the corn 
borer, are given with other data for borer populations up to 32 borers per corn 
plant. 


25. Notes on the Southwestern Corn Borer, Diatraea grandiosella. 
(5 min.) (Lantern.) C. J. Todd and F. L. Thomas, College Station, Tex. 


The Southwestern corn borer, another injurious corn pest, is slowly spreading through 
Northwest Texas toward the corn belt. 
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26. Progress in Utilization of Trichogramma minutum in Cane Borer 
Control in Louisiana During 1929. (5 min.) W. E. Hinds and Herbert 
Spencer, Baton Rouge, La. 

Presenting a brief review of recent progress in breeding work and the results of field 
colonizations in cane borer egg parasitization. 

27. A Study of Certain Field Practices as Related to Wireworm 
Infestations. (5 min.) Harry R. Bryson, Manhattan, Kans. 

Discussion of infestations observed on corn in connection with certain rotations and 
cultural practices conducted at the Kansas Agricultural Experiment Station. 
28. The Hessian Fly Larva and its Method of Taking Food. (5 min.) 

(Lantern.) Leonard Haseman, Columbia, Mo. 

Observations on the nature of the alimentary canal of the larva and its method of 
taking food. 

29. The Biological Strains of Hessian Fly. (5 min.) (Lantern.) 
R. H. Painter, Manhattan, Kans. 

Evidence is given that the Hessian fly from different localities varies greatly in the 
ability to infest different varieties of wheat. 

30. Observations on the Biology of the Hessian Fly. (5 min.) (Lan- 
tern.) R.H. Painter, Manhattan, Kans. 

The ability of larvae to survive varies with the leaf on which the egg is laid. Evi- 
dence is presented that the progeny of one pair of flies are predominantly of one sex. 
31. Entomology in the Five Year Wheat Production Program in 

Kansas. (5 min.) E. G. Kelly, Manhattan, Kans. 

Methods of reaching thousands of farmers. Leader training schools, farm demon- 
strations, wheat festivals and wheat trains. 

32. Dispersal of Pectinophora gossypiella in North America. (5 min.) 
(Lantern.) B. R. Coad, Tallulah, La. and F. A. Fenton, El Paso, Tex. 

33. Transportation of the Alfalfa Weevil by Railway Cars. (5 min.) 
(Lantern.) G. I. Reeves, Salt Lake, Utah. 

Recently acquired data on the extent of this movement. 

34. “Alfalfa plant-bug,”’ a common name for an introduced European 
bug (Adel phocoris lineolatus Goeze) found in lowa (Hemiptera, Miridae). 
(3 min.) H. H. Knight, Ames, Iowa. 

An introduced European plant-bug (Adelphocoris lineolatus Goeze) was found breed- 
ing on alfalfa and sweet clover in Iowa during 1929. Since this species may become 
more or less of a pest it is given the common name “Alfalfa plant-bug.”’ 

35. Notes on the Life History of the Clover Root Curculio, Sitona 
hispidula Fab. (5 min.) (Lantern.) J. H. Bigger, Jacksonville, Il. 
Results of a study of the life history of the Clover Root Curculio, Sitona hispidula 

Fab., bringing out new data on the egg-laying habits of the females, hatching of 

the eggs, habits of the larvae, and time and place of pupation. Observations made 

in general clover insect studies. 
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MISCELLANEOUS 


36. Some Experiences in Breeding Trichogramma minutum Riley. 

(5 min.) G. M. List, Fort Collins, Colo. 

Gives an account of two years work on this project, taking up especially the handling 
of the parasite in the incubators. 

37. How Many Species of Trichogramma occur in North America? 

(5 min.) (Lantern.) Alvah Peterson, Columbus, Ohio. 

Several facts indicate that there are two or more species of Trichogramma in North 
America. A distinct difference in the color of the females, a constant difference 
in the time required for development, and the absence of interbreeding may occur. 
38. Wireworm Control in Maine. (5 min.) J. H. Hawkins, Orono, Me. 

Concerning mainly cultural practices and crop immunity as control measures for 
wireworms. 

39. Economic Usefulness of Insect Association Studies. (5 min.) 

Walter Carter, Salt Lake, Utah. 

40. The Latin Square Arrangement of Experimental Plats. (5 min.) 

F. Z. Hartzell, Geneva, N. Y. 


Variation of infestation vitiates conclusions drawn from field experiments by intro- 
ducing errors into the data. The Latin Square method of plat arrangement is 
offered to overcome heterogeneity from this cause. 


41. The “Spitting” Habit of Lepidopterous Larvae. (5 min.) Herbert 
J. Pack, Logan, Utah. 


Program 
SECTION OF APICULTURE 
G. M. BentLeEy, Chairman Ernest N. Cory, Secretary 


Wednesday Morning Session, January I, 1930, 9:30, 
Assembly Room, Hotel Savery 


Address by the Chairman, G. M. Bentley, Knoxville, Tenn. 


READING OF PAPERS AND DISCUSSIONS 


1. A Study of Wintering Methods. J. A. Munro, Fargo, N. Dak. 

2. Bee Hive Temperatures. (Partial Summary of Temperature 
Records from Davis, California.) G. H. Vansell, Davis, Calif. 

3. The Bee Moths. (Historical interrelationships, comparative food 
habits, and relative control measures.) F. B. Paddock, Ames, Iowa. 

4. Studies on the Sugar Content and Yield of Certain Floral Nectars. 
(Results of a large number of determinations on sugar content and yield 
of nectar.) O. W. Park, Ames, Iowa. 
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5. Studies of Methods Used to Detect Heated Honeys. S. B. Free- 
born, Davis, Calif. 

6. Further Observations on the Fermentation of Honey. G. E. 
Marvin, Madison, Wisc. 

7. Variations in Time of Development of Apis mellifica. V. G. 
Milum, Champaign, III. 

8. The Effect of Low External Temperatures on the Brood-Nest 
Temperatures of a Normal Colony of Bees during Summer. W. E. 
Dunham, Columbus, Ohio. 

Reports of Committees. 
Selection of Officers. 
Adjournment. 


Program 
Wednesday Afternoon Session, January I, 1930, 1:30, 
Ball Room, Hotel Savery 


READING OF PAPERS 


Insects AFFECTING ANIMALS 


42. Experiments with Insecticides Against Cattle Grubs (Hypoderma 
spp.). (5 min.) F. C. Bishopp, E. W. Laake, and R. W. Wells, Wash- 
ington, D. C. 

A summary of results of recent experiments with the application of insecticides to 
the backs of cattle for the purpose of destroying cattle grubs. 


INSECTICIDES AND APPLIANCES 


43. The relative toxicity of acid lead arsenate and sodium fluosilicate 
by different laboratory methods. (5 min.) (Lantern.) F. L. Campbell, 
Washington, D. C. 

A study of the relative accuracy and usefulness of different laboratory methods for 
comparing the toxicity of stomach-poison insecticides. 

44. Two Arsenical Substitutes. (5 min.) S. Marcovitch, Knoxville, 
Tenn. 

Experiments with Cryolite and Barium fluosilicate as insecticides. 


45. Experiments on the tank-mixture method of using oil spray. 

(5 min.) (Lantern.) Ralph H. Smith, Riverside, Calif. 

Results of experiments, applicable especially to the spraying of citrus trees under 
conditions pertaining in southern California, relating to kind and amount of 
emulsifier, character of spray mixture, manner of application and the amount 
of oil deposited. 
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46. A Phase of Insect Respiration in Relation to the Toxicity of 
Contact Insecticides. (5 min.) (Lantern.) A. L. Strand, St. Paul, Minn. 
On the permeability of insect respiratory membranes. 


47. An Humidity Apparatus. (5 min.) R. W. Burrell, Moorestown, 
N. J. 
A relatively simple and inexpensive apparatus is described, which may be used in 
the production of desired high humidity in rearing rooms and incubator cellars. 


Insects AFFECTING TRUCK CROPS 


48. Temperature and Humidity as Factors in the Survival of the 
Mexican Bean Beetle. (5 min.) D. F. Miller, Columbus, Ohio. 

Relative humidity modifies very materially the effect of high temperatures upon all 
stages of the life history of the beetle. 

49. A Yellows Disease of Beans in Haiti in Relation to a leaf-hopper 
(Empoasca sp.). (To be read by title.) R.C. Smith and H. D. Barker, 
Port au Prince, Haiti. 

50. The Toxicity of Copper to the Potato Leaf-hopper (Empoasca 
fabae). (5 min.) (Lantern.) D. M. DeLong, W. J. Reid, Jr. and M. M. 
Darley, Columbus, Ohio. 

Copper sulphate is highly toxic to these insects when they feed upon solutions 
through membranes and when they obtain it through plant tissues. 

51. The Plant as a Factor in the Action of Bordeaux as an Insecticide. 
(5 min.) D. M. DeLong, W. J. Reid, Jr. and M. M. Darley, Columbus, 
Ohio. 

Certain plant processes seem to be necessary in order that the copper in Bordeaux 
may be rendered soluble and a portion of it absorbed by the plant. 

52. The Onion Maggot (Hylemyia antiqua) in Ohio 1929. (5 min.) 
(Lantern.) M. P. Jones, Columbus, Ohio. 


Discussion of onion maggot damage in Ohio, the three types of sprayers used and the 
control obtained from spraying. 


Insects AFFECTING THE HOUSEHOLD AND STORED PRODUCTS 


53. Insect Pests of Upholstered Furniture. (5 min.) (Lantern.) 
E. A. Back and R. T. Cotton, Washington, D. C. 
A discussion of the damage done by insects to upholstered furniture with methods 

for their control. ; 

54. A New Method of Storing Fur and other Garments. (5 min.) 
(Lantern.) E. A. Back, Washington, D. C. 


Brief statement of growing practice of storage without refrigeration. 
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55. The Pea Weevil Problem. (5 min.) F. E. Whitehead, Stillwater, 
Okla. 


The pea weevil is one of our oldest pests and in spite of the fact its control has been 
considered solved, the writer is unaware of any place it is being controlled. Data 
indicates that control may be based on a false assumption. 

56. Anaphoidea calendrae Gahan, A Mymarid Parasite of Eggs of 

Calendra spp. (5 min.) A. F. Satterthwait, Webster Groves, Mo. 

This species is parthenogenetic; parasitizes eggs of several spp.; about 10-60 issue 
from smallest host egg; about 4 generations a summer; 14 to 17 days minimum 
requirement per generation; hibernates as larva. 

57. Borax as an Insecticide for Protecting Seed. (5 min.) (Lantern.) 

H. H. Schwardt, Fayetteville, Ark. 

Preliminary experiments have shown that small amounts of borax powder applied to 
seed corn will protect it from injury by the rice weevil. 

58. Effect on Insects of Treating Seed Corn with Certain Fungicides. 

(5 min.) (Lantern.) W. P. Flint, Urbana, III. 

During the past four years hundreds of farmers in the corn belt have been using 
certain fungicidal treatments for seed corn. Some of the companies making these 


fungicides have claimed that they. would act as insecticides. The results of a 
series of tests extending over several years indicate that such is not the case. 


Program 
Thursday Morning Session, January 2, 1930, 9:30, Ball Room, 
Hotel Savery 


FINAL BuSINESS 


Report of Committee on Resolutions. 
Report of Committee on Membership. 
Reports of other committees. 
Nomination of JouRNAL officers by advisory committee. 
Report of Committee on Nominations. 
Election of Officers. 
Miscellaneous business. 
Fixing the time and place of next meeting. 
Final adjournment. 
T. J. President, 
New Brunswick, N. J. 
C. W. Secretary, 
Melrose Highlands, Mass. 


JOURNAL 
OF 
ECONOMIC ENTOMOLOGY 


OFFICIAL ORGAN AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 


VoL, 22 DECEMBER, 1929 No. 6 


Proceedings of the Fourteenth Annual Meeting of the 
Pacific Slope Branch, American Association 
of Economic Entomologists 


The 14th annual meeting of the Pacific Slope Branch was held at the 
University of California, Berkeley, California, June 20th and 21st, 1929. 
A varied and interesting program was presented. On Friday afternoon 
there was a joint session with several other societies on Termites. The 
entomological dinner was held Thursday evening at the Stevens Union. 

The total attendance was 88, with the following members present: 


Blanchard, R. A., Sacramento, Cal. * Lamiman, J. F., Berkeley, Cal. 
Borodin, D. N., Pasadena, Cal. Lockwood, Stewart, Sacramento, Cal. 
Boyce, A. M., Riverside, Cal. Mackie, D. B., Sacramento, Cal. 
Campbell, Roy E., Alhambra, Cal. Mote, Don C., Corvallis, Ore. 
Cody, L. R., San Jose, Cal. Parker, W. B., Sacramento, Cal. 
Davis, A. C., Garden Grove, Cal. Quayle, H. J., Riverside, Cal. 
Davis, E. W., Richfield, Utah. Reed, W. D., Fresno, Cal. 

de Ong, E. R., Berkeley, Cal. Simmons, Perez, Fresno, Cal. 
Doane, R. W., Stanford, Cal. Smith, H. S., Riverside, Cal. 
Elmore, J. C., Garden Grove, Cal. Smith, L. M., Oakland, Cal. 
Essig, E. O., Berkeley, Cal. Smith, Ralph H., Riverside, Cal. 
Flebut, A. J., Berkeley, Cal. Swezey, O. H., Honolulu, H. T. 
Freeborn, S. B., Davis, Cal. Timberlake, P. H., Riverside, Cal. 
Fisher, C. K., Modesto, Cal. Vansell, Geo. H., Davis, Cal. 

Fox, David E., Richfield, Utah. Vickery, Robt. K., Saratoga, Cal. 
Gray, G. P., Azusa, Cal. Webster, R. L., Pullman, Wash. 
Hagan, H. R., Palo Alto, Cal. Wilson, C. C., Sacramento, Cal. 
Herbert, F. B., Los Gatos, Cal. Wright, Percy F., Lodi, Cal. 
Herms, W. B., Berkeley, Cal. Wymore, F. H., Davis, Cal. 


Kinsley, C. H., Orville, Cal. 


PART I. BUSINESS PROCEEDINGS 


The meeting was called to order at 9:45 Thursday morning by Chair- 
man Swezey, who appointed the following committees: Nominating, 
H. J. Quayle, Perez Simmons, Stewart Lockwood; Resolutions: R. L. 
Webster, Don C. Mote, F. B. Herbert; Auditing: Ralph H. Smith; 


Membership: S. B. Freeborn, Harry S. Smith. 
849 
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REPORT OF THE TREASURER FOR 1929 


Refund from main association for 1928 expenses. ...............620005. 24.00 
Paid out: 
Envelopes, postage and registry... 7.76 
$18.65 $29.90 
Balance on hand June 20th, 1929. .... 11.25 
$29.90 


FINAL BusINEsSs SESSION 


Chairman Swezey called for the reports of committees. The Audit- 
ing Committee reported the accounts of the treasurer as correct. The 
Membership Committee presented five applications with the recom- 
mendation that they be forwarded to the main association for accept- 
ance. The Resolutions Committee presented a resolution of appreci- 
ation to the University of California, and the Department of Entomology 
and Parasitology for the arrangement and handling of the meetings. 
The Nominating committee presented the following names: Chairman, 
Don C. Mote, Vice-Chairman, Perez Simmons, Secretary-treasurer, 
Roy E. Campbell. By motion and vote all reports were accepted. 

The secretary announced that the 1930 meeting of the Pacific Division 
A.A.A.S., was to be held at the University of Oregon at Eugene, Ore. 
Don C. Mote extended an invitation to hold at least one session at 
Oregon State College at Corvallis. After some discussion it was moved 
and carried that the arrangements be made by the officers, serving as a 
committee in charge, to hold the Pacific Slope Branch meetings at 
Corvallis two days in advance of the Pacific Division meeting at Eugene. 


PART II. PAPERS AND DISCUSSION 


CHAIRMAN Swezey: I notice the Chairman is down first, although 
I did not prepare my paper for an address by the Chairman. 
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SOME ASPECTS OF THE EVOLUTION OF SPECIES AMONG THE 
NATIVE INSECTS OF HAWAII 


By O. H. Swezey, Sugar Planters’ Experiment Station, 
Honolulu, Hawati 


ABSTRACT 

About 3000 species of endemic insects are known in the Hawaiian Islands. Appar- 
ently a much larger number of endemic insects than have developed in any other group 
of oceanic islands in the Pacific. There are a good many endemic genera and in many 
of these a large number of species has developed. Often the geographical isolation 
has been the important factor in the evolution of species; and in many instances it 
has been the various food habits that has brought about such great production of 
species. As examples of genera in Lepidoptera with large number of species are 
Scotorythra with 30 species; Omiodes with 20; Phlyctaenia with 25; Hyposmocoma 
with nearly 200 species. In the Coleoptera some interesting genera are Plagithmysus 
with 49 species; Rhyncogonus with 25 species; Proterhinus with 150 species. In 
Homoptera are Ilburnia with about 100 species; and Oliarus with 50 species. In 
Hymenoptera Odynerus has about 100 species; and Sierola 171 species. Many other 
similar examples could be given. 

A larger number of species of endemic insects has been recorded from 
the Hawaiian Islands than for any other group of oceanic islands in the 
Pacific. This fact may be due to a more complete entomological ex- 
ploration having been made in Hawaii, or due to the length of time 
that the evolution of species has been taking place, or perhaps the con- 
ditions have been more favorable for the evolution of species. Be that 
as it may, there are about 3,000 species of endemic insects now known 
in the Hawaiian Islands. They constitute about SO per cent of the 
insect fauna. 

These numerous species of endemic insects are the descendants of 
insects that arrived on the islands at some remote period, and through 
the processes of evolution have become what we now have, often many 
species in many genera, and quite a number of these genera endemic. 
In many cases the present species are so different to any related species 
in other parts of the world that it is impossible to conjecture with any 
degree of certainty as to their place of origin. 

In this connection it must be borne in mind that the Hawaiian Islands 
are isolated volcanic islands that have been built up from the bottom 
of the ocean by successive outpourings of lava, and that the plant and 
animal life became established from distant regions after conditions 
became favorable for any chance immigrants to gain a foothold. 

As the most of the endemic insects in Hawaii inhabit the native 
forests of the mountains and some are of economic importance in forest 
conservation projects, considerable attention has been given of recent 
years to the study of the insect faunas of the different native trees. In 
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pursuance of these studies many examples come to hand of the results 
of evolution, with indications of what was the determining factor. A 
few of these will be given herewith, pointing out the apparent determin- 
ing factors which have operated. 

At the first let us consider the Kamehameha butterfly (Vanessa 
tammeamea Esch.) which is one of the only two native butterflies. 
This butterfly occurs on all the islands of the group, and has not split 
up into different species. This is no doubt due to its ability to fly from 
one island to another, and this with its ready intermingling on individual 
islands has resulted in uniformity of development throughout the islands. 
Probably the ancestor came from America, but if so, much modification 
has taken place during the time it has existed here. Its nearest related 
species is V. callirhée Fabr. which occurs in the Madeira Islands at 
about the opposite side of the globe. The larvae of the Kamehameha 
butterfly feed on the ‘mamake’ tree, the bark of which the Hawaiian 
people formerly used for making tapa, or bark cloth for clothing. Al- 
though the butterfly is rather common, yet their larvae are not numerous 
enough to be detrimental to the trees, as they are kept in check by 
several parasites, notably the ichneumonid, Echthromorpha fuscator 
(Fab.) which is one of the first two insects collected and described from 
the Hawaiian Islands, having been collected by some member of Captain 
Cook's party when they made their first landing in 1778. 

Of the Sphingidae, there are four forms that may have originated 
directly perhaps from Celerio intermedia Kirby of America, some indi- 
viduals of which may have reached the islands in somewhat recent times. 
The resemblance is very evident. These are distributed as follows: C. 
calida on Kauai, Oahu, Molokai and Maui; C. perkinsi on Oahu and 
Molokai; C. wilsoni and C. calida hawatiensis on Hawaii. All of these 
are somewhat rare. Their caterpillars feed on various native trees, 
but are kept sufficiently in check by egg-parasites, and perhaps other 
parasites, so that no appreciable injury is done. 

It is of interest to note that Protoparce quinquemaculata reached the 
Islands probably somewhat recently, although it has been known for at 
least 50 years, and has not changed to any extent as yet. However, 
Rothschild and Jordan consider it a distinct race or variety, using black- 
burni as the varietal name, which was given it by Butler as a species 
name in 1880. The distinction as pointed out by Rothschild and Jordan 
is that the postdiscal line of white triangular spots extends to the costa 
in blackburni, whereas it is much shorter in guinquemaculata. This 
continues to be generally rare in the Islands, but has sometimes been a 
tobacco pest. It usually feeds on the bush tobacco, a weed in waste 
ground. 
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In Scotorythra paludicola (Butl.) of the family Sclidosemidae, we have 
a serious forest pest. The caterpillars of this moth at rare intervals have 
defoliated areas of forest of Acacia koa several miles in extent. It isa 
variable species, as are some of the others of the same genus. Scotorythra 
is an endemic genus with over 30 species. Some of the species are 
restricted to a single host tree, while others are quite general in their 
habits. Also some are confined to individual islands, while others are 
widely dispersed. Probably some of the species are due to the geo- 
graphic isolation, and some due to the restricted food plant. It may be 
that in due time those species with considerable variation will break up 
into separate species. 

The genus Omiodes of the family Pyraustidae has about 20 species. 
The caterpillars of a certain number of these species feed on the leaves 
of the wild banana. These 6 species are closely similar. They have 
developed either on different islands or at different localities of the same 
island. No two species are found living in the same locality on the 
same plant, except possibly that one (blackburni) which occurs on 
all the islands, and for the most part feeds on coconut leaves may be 
present along with another species. Usually, however, the coconut 
species is confined to coastal regions, while all the other species are only 
found where the banana occurs wild, in mountains or upper parts of 
valleys. Apparently these species of Omiodes on the banana are only 
recently formed, or not very completely formed, as there is so little 
distinction between some of them. In some cases the caterpillars are 
more readily distinguished apart than are the moths, due to the different 
black markings. 

Phlyctaenia of the Pyraustidae has a large development of species. 
There are 25 or more, and they are each restricted to a particular tree or 
plant. The caterpillars are leaf-feeders, but usually are sufficiently 
controlled by parasites so that they are not of any particular injury 
to the forests. Another factor that helps in control of the Phlyctaenta 
and the Omiodes caterpillars are the numerous species of Odynerus 
wasps which store caterpillars in their nests for the young to eat. There 
are about 100 species of endemic Odynerus, many of them to be separated 
with difficulty, unless by one who has given them considerable study. 
They are mostly confined to particular islands. There may be everal to 
a dozen species in the same locality. Some of, the species are closely 
restricted to particular localities. It is difficult to try to explain this 
large development of species. 

There are several groups of lepidopterous leafminers. One is the 
genus Philodoria with 12 species and the closely related genus Parectopa 
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with 11 species. Mostly these occur on particular trees, though in a few 
cases 2 species are attached to the same tree, and in one instance 6 
species are attached to one tree. It is the ‘mamake’ tree from which the 
Hawaiians used the bark to make their tapa cloth for primitive clothing. 
Five species of Philodoria and one species of Parcetopa are known to be 
leafminers of this tree. They are all closely related, but each species 
occurs in a different locality. 

Another leafminer group is the genus Opostega with 5 species that 
occur all on various species of trees of the genus Pelea. The moths are 
minute and difficult to distinguish apart, but the larvae produce different 
styles of mines. Two kinds of spirals, one serpentine, and two other 
types of mines. Sometimes two kinds may occur in the same leaf. It is 
difficult to understand how these species have arisen. 

The largest development of species in any genus is in Hyposmocoma 
of the Hyponomeutidae with nearly 200 species. The moths are small, 
and of a great variety of patterns and colors. The larvae live in cases 
of various designs, in fact so far as I have studied or reared them, each 
species has a different kind of a case. The larvae feed on lichens, dead 
wood and bark. Without much specializing individually in food habits, 
and not subject to geographical separation (only as some species are 
confined to individual islands), I am unable to begin to account for such 
extensive development of species. It may yet appear when they are 
better studied that they do really have very specifically specialized food 
habits. Some that are already known are found only on the lichens 
on rocks, and a few species are known to occur only on the bark of 
certain trees, and others always in or under rotten bark, or in the rotten 
logs of certain trees. 

In the Coleoptera, there is a special group in the family Cerambycidae 
of 6 endemic genera with from 2 to 49 endemic species per genus. These 
6 genera grade into one another or are not very distinctly separated. 
There are about 75 species in the whole lot. They have developed 
particular food habits, and are each confined to a single island. Thus 
geographical isolation and food plant isolation have been the important 
factors in the development of these species. The genus Plagithmysus 
contains more than half of the species of this group, it having 49 known 
forms, many of them very closely related, in fact separated with diffi- 
culty. Although each species is associated with a particular kind of tree, 
there may be several associated with the same tree, but located on 
different islands, or a different locality on the’same island. For example: 
on Acacia koa, pulverulentus and cristatus occur on Oahu; finschi on Maui; 
varians on Hawaii; aequalis and arachnipes on Kauai. On Pipturus 


eF 


Dec., '29] SWEZEY: NATIVE INSECTS OF HAWAII 855 


albidus, lamarckianus occurs on Hawaii; kuhnsi on Oahu; sharpianus 
on Kauai; molokaiensis on Molokai. On Pelea, bishopi and frater 
oecur on Hawaii; diana on Kauai; collaris on Maui. Being in the group 
of wood-boring beetles, these might naturally be considered as pests and 
detrimental to the forests. As a matter of fact they are rather rare, 
seldom does one ever collect more than a very few at a time. Usually 
they are collected as individual specimens. On a rare occasion one 
comes across a fallen tree in just the proper condition to attract the 
beetles for oviposition and can collect a dozen or so of the same species at 
once. The usual habit of these beetles is to oviposit in crevices of the 
bark of dying or freshly fallen trees, or in injured or dying branches. 
The larvae feed in the inner layer of the fermenting bark and outer 
layer of wood, eventually boring into the wood to form a cell for pu- 
pation. Often these holes are so numerous in standing dead tree trunks 
as to give the impression that the trees have been killed by the borers. 
However, the observations of the entomologists agree that the presence 
of the borers was a secondary matter, following some other cause that has 
brought on the death of the tree, the beetles only taking possession 
at the time when the dying condition was just suited to them. However, 
the 4 species of the genus Nesithmysus feed in living trees of the genus 
Pelea, and are considerably injurious to them. 

Compared with the preceding there are two endemic species, one each 
in the genera Parandra and Aegosoma of the Prionini, which, although 
each may now differ greatly from its original immigrant ancestor, yet 
there has not been any formation of a series of species. Each is widely 
distributed on all of the islands and quite general in habits, so that 
neither geographical isolation nor varying food habits have been oper- 
ative with them. 

Similarly, there is a large Scarabeid, A pterocyclus, whose ancestry is 
unknown, which continues in the original locality on one island, not 
having become dispersed, and yet varying to such an extent that at 
first several species were described, but a later study synonomyzed them. 

Rhyncogonus is a genus of the Curculionidae in which about 25 species 
have developed. They are all geographically restricted, mostly only one 
species in a place, and usually occupying very limited areas. They do 
not fly, and in some instances the colonies occupy a very small region. 
None of them occurs on more than one island. More species are known 
on Oahu than on any other island. There are several species on Kauai, 
but very few on the other islands. A few species are particular as to 
host tree, others more general. 
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The genus Nesotocus is a very peculiar Curculionid with unknown 
ancestry, but it has not developed a series of species, only one each on 
4 of the different islands and the distinctions are not well marked. 
Perhaps not yet really separated into good species. The beetle is a good 
flier, hence well distributed on each island. The larvae feed in the bark 
and wood of Chetrodendron and closely related trees, oftentimes very 
numerously in a dying tree or a recently fallen tree. They excavate 
pupal cells in the wood. Sometimes a dead standing tree trunk is seen 
with hundreds of the holes from which beetles have issued. Ordinarily, 
however, the beetles are rare and very difficult to find. 

The most special group of beetles is the genus Proterhinus, the only 
representative of the family Proterhinidae which is peculiar to the 
Hawaiian Islands, there being about 150 species known, whereas only 
an occasional species is known in any of the other Pacific islands. At 
whatever place the Proterhinidae came from to Hawaii, their ancestry 
must have died out. The original immigrants to Hawaii must have 
come ages ago, for them to develop so many species, and with such 
diverse food habits. They are small beetles, usually 2 to 3 mm., but 
ranging from 1.5 mm. to 7 mm., are flightless and can mostly be con- 
sidered as bark beetles, the larvae feeding in or beneath the bark of 
dying or dead trees or dead branches, or in the pith of dead twigs. 
Several species feed in the dead frond stems of tree ferns, and a very 
few species have leaf-mining habits. The species are mostly particular 
as to their host but a few are general feeders. A few species occur on 
several different islands, but the majority of the species are confined to 
single islands. Thus, geographical isolation, and the diverse food habits 
have been prominent factors in the evolution of so large a number of 
species of Proterhinus. 

The family Delphacidae of the Homoptera has a few genera with a 
total of about 150 species, the genus //burnia containing about 100 
species. These have developed particular food habits, being attached 
pretty closely to certain trees or plants. Many of the species are so 
closely similar that an examination of the male genitalia is resorted to for 
positive determination of the species. In this respect, the distinctions 
are often minute. Apparently species are in the making. There is one 
group of several species occurring on Metrosideros, different species on 
the different islands, in which the taxonomist has difficulty in deciding 
whether to call them species, or merely varieties. 

Oliarus of the Cixtidae has over 50 species, and here again the species 
run so close together that for positive determination the male genitalia 


are used. 
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Psyllidae are not very numerous in the islands but there are two 
groups of 4 and 8 species respectively that have developed on the same 
host trees, Pelea and Metrosideros respectively. Two or three of these 
species sometimes occurring together on the same tree, but usually in 
different regions, ‘or on different islands. The few other species of 
psyllids are each attached to one species of tree of widely separated 
relationship. 

Among parasitic Hymenoptera, there have been several instances 
of the development of large series of species per genus. For example, 
Eupelmus, with about 50 species with a wide range of parasitic habits: 
egg-parasite of Rhyncogonus blackburni; lepidopterous larvae and pupae; 
grasshopper egg; cricket egg; larva of Nesoprospis bee; larva of Odynerus 
wasp; Drosophilid puparia; cocoon of lacewing fly. 

Then Sierola of the Bethylidae has 171 known species. Their habits 
have not been thoroughly enough studied to know if each species is 
restricted as to host. They are chiefly (so far as known) parasitic on 
larvae of numerous species of Microlepidoptera. The species run close 
together and are to be distinguished only with great difficulty. It is 
difficult to comprehend how such a large series of species has developed. 

There are many other instances of large series of species having been 
developed per genus in the Hawaiian Islands, all of which must have 
involved a great length of time. Many pertinent questions arise in this 
connection. How do the new immigrant insects that reach newly 
formed islands survive? There must be plants established first, but 
even so the chances would be slim for a newly arrived insect finding 
the kind of plant that it was accustomed to feed on. Then, too, how 
does an insect take to changing its host plant, so that eventually new 
species are developed, as we have them in considerable series among 
some of the moths and beetles that have been discussed? Numerous 
problems could be thought of in this connection, and it seems that 
Hawaii furnishes a location for research along lines of investigation of 
evolution, and with insect breeding experiments that could tend toward 
variations and the production of new species. 


Chairman Swezey then called for the following papers: 
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BREEDING HABITS AND PRELIMINARY STAGES OF THE 
HIPPELATES FLY. 
By W. B. Hers, University of California, Berkeley, Caltfornia 
(Paper not received.) 


H. J. Quayle gave an illustrated talk on the Mediterranean fruit fly 
situation in Florida, which was followed by a general discussion of the 
subject and the danger of infestations to other parts of the country. 
D. B. Mackie outlined the plan of survey to be carried out in California, 
in which a thorough inspection of the entire state is to be made, so that 
if the fruit fly ever becomes established, its presence will become known 
before the infestation becomes extensive. 

The Friday morning session was called to order by Chairman Swezey 
at 9:45 a.M., and the following papers presented : . 


ORIGIN OF THE BEAN WEEVIL, MYLABRIS OBTECTUS (SAY) 


By E. O. Essic, Berkeley, California 
ABSTRACT 

The bean weevil was described as Bruchus obtectus by Thomas Say in 1831 from 
specimens taken in Louisiana. 

The first economic record of this insect was by Asa Fitch of New York who received 
infested beans from Providence, Rhode Island in 1860. 

In 1891, J. A. Lintner, New York, proved that the bean weevil bred continuously in 
stored beans, thus differing from the well-known European pea weevil. 

This weevil was introduced into California by the Mission Padres with the founding 
of the first Mission at San Diego in 1769. 

Red lima beans taken from the ancient Indian graves in the valley of Ica and the 
Ancén Necropolis in Peru show the work of the bean weevil. Ica records date from 
1-500 A.D., whereas those of Ancén are more recent, 1000-1500. However, both 
antedate the arrival of the Spanish in Peru. An adult bean weevil taken from the 
Ancén beans does not differ in anatomical characteristics from the bean weevils of 
today. 

The bean weevil, Mylabris obtectus (Say), is new world in origin. It 
was described as Bruchus obtectus by Say in 1831' from specimens re- 
ceived from Louisiana. No mention of a host was made. In 1860? Dr. 
Asa Fitch, State Entomologist of New York received beans infested 
with this weevil from Providence, R. I., and made the first economic 
record of the insect as a pest. However, it was not until 1891 that J. A. 
Lintner, the successor of Fitch, proved that the bean weevil bred con- 
tinuously in stored beans and thus differed strikingly in habits from the 


common European pea weevil, Mylabris pisorum (Linn.). 
‘Say, Thos., Complete writings on N. A. Entomology, edited by J. L. LeConte 


(New York, Cassino & Co., 1883), p. 259. 
*Manter, J. A., Jour. Econ. Entom., vol. 10, pp. 190-191 (1917). 


Dec., '29] ESSIG: ORIGIN OF THE BEAN WEEVIL 859 


Since then the insect has been recognized as a major pest of stored 
beans throughout the entire country and has been introduced into 
many parts of the world. But apparently no one has inquired into the 
origin of this important insect. 

On November 14, 1928, I received from Prof. G. W. Hendry, Division 
of Agronomy, University of California, two samples of red lima beans 
designated by him as Phaseolus limensis (Macf.).* One lot (4-4821) was 
from site ‘“F’’ at Ocucaje in the valley of Ica, coast region of southern 
Peru, the tombs or graves of the period called Nazca or earliest known 
period and date from perhaps 1-500 A.D.‘ and the second lot from 
the Ancén Necropolis on the middle coast of Peru dating from 1000- 
1500 A.D. These beans were collected by Max Uhle and Mrs. Charlotte 
Uhle sometime about 1907 and were forwarded to Prof. A. L. Kroeber, 
who in turn submitted specimens to Prof. Hendry for identification. 
Noting some apparent insect injury to the beans Prof. Hendry sub- 
mitted them to me for further examination. 

The Ica beans showed internal borings and frass which appear identi- 
cal with those in the Ancén beans, but no characteristic exit holes of the 
adult weevils were present in the four specimens showing insect work. 
It is not positive, therefore, that the injury is that of the bean weevil, 


‘Concerning these Prof. Henry writes: ‘“The beans have been identified as Phaseolus 
limensis (Macf.), or lima bean. This species is the same as that of the wild plant 
found by Bentham in the Amazon Basin of central Brazil, and designated by him as 
Phaseolus lunatus macrocarpus (Benth.). The horticultural variety has yet to be 
determined, but so far as may be judged from the seed alone, it is identical with 
specimens exhibited by the Peruvian government at the Panama-Pacific Exposition 
in San Francisco, in 1915, and now in our seed collection. These specimens were 
labeled—‘From the tombs of Peru’. Your specimens also correspond closely with 
those found by Reiss and Striibel at Ancén, but cannot be said to be identical with 
them because of the meager description given by Wittmack. Possibly this variety 
is still grown in South America. Red Lima beans are not uncommon in both North 
and South America today, but none of the modern Limas in our collection is exactly 
like the ancient specimens. 

“It seems significant that your Ica and Ancén specimens are identical in all gross 
characters, and moreover exhibit exactly the same range of variation in shape, size, 
and markings. The two lots are so similar in these respects that if mixed they could 
not be separated, and might well have been the product of the same field. 

Both lots contain a few smaller sized but otherwise similar specimens, and I have 
studied these critically thinking that they might prove to be specimens of the Sieva 
bean, Phaseolus lunatus (L.), not previously found in ancient tombs and as yet 
unknown in the wild state, but have concluded that théy are only immature speci- 
mens of Phaseolus limensis (Macf.).”’ 

‘These dates were given to me by A. L. Kroeber, Prof. of Anthropology, University 
of California. 
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but the evidence certainly points that way. I am hoping to see more 
beans from this locality to enable me to settle this point. 

The Ancoén beans, with the exception of a single almost perfect speci- 
men, showed work similar to those from the Ica graves. The single 
specimen referred to above showed some dozen characteristic exit holes 
of the bean weevil. Upon separating the cotyledons a single adult 
weevil was found in a fair state of preservation. In size, shape and 
anatomical characteristics it checked perfectly with the common bean 
weevil and was so determined by Dr. E. C. Van Dyke. The colorisa 
uniform light tan, due no doubt to its age. The antennae are missing. 

The early inhabitants of Ancén buried their dead in a most interesting 
fashion. The bodies were wrapped in mummy packs, the wrappings 
being of cotton or woolen fabrics or both. These outer coverings were 
often striped in colors, sewed together with a few stitches and the whole 
pack held together by strong cords. These mummy packs were either 
simple or ornamented with false heads. ‘‘Wrapped in many cerements, 
the body was seated in the heart of the mummy pack, well protected 
and diversely adorned. It was arrayed in bracelets, necklaces and rings, 
while special care was lavished on the head-dress.... Embedded 
within the various wrappings of the dead, either carefully collected in 
small bundles, or else packed in baskets and vessels’. ..° were to be 
found many kinds of sepulchral deposits including fabrics, household 
utensils and provision. Among the latter were many kinds of beans, 
maize, peanuts, fruits, yucca, cocoa, fish, crayfish, etc. The beans were 
often contained in either earthenware vessels or calabashes, fitted one 
above the other. Three half calabashes containing corn taken in Peru 
by the G. A. Dorsey Expedition in 1891 at the Field Museum in Chicago 
showed the work of some boring insect which had almost destroyed them. 

The mummies and their sepulchral offerings were placed in graves of 
various depths from one to fifteen feet. Some of these graves resembled 
tombs and contained from one to sixteen or even more mummies. A 
few of the graves were faced with rubble and in many the lower portions 
were roofed with reeds or matting. All were filled with coarse gravel 
and sand so that the burial grounds were undistinguishable by outward 
indications. 

The perfect preservation of these mummies and the grave contents 
has been due to the aridity of the burial places where for centuries no 
rain has fallen. When first visited by Miguel Estete in 1533, Ancén 
was a barren waste. 


‘Reiss, W., and Stribel, A., The Necropolis of Ancon in Peru. Translated by A. H. 
Keane, 3 vols. (Berlin, 1880-1887). 
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A closer examination of the materials taken from these graves should 
reveal the presence and work of other economic insects as well. 

It seems probable that the bean weevil has long been associated with 
beans in ancient America and no doubt followed the trails of the northern 
migrations through Central America and Mexico into North America. 
The beans grown in North America by the Indians, especially those 
of the south and the southwest must have been regularly subject to 
injuries by this insect! These beans are certainly even now more sus- 
ceptible to attacks of the bean weevil than the species of beans native of 
other countries. 


THE WALNUT HUSK FLY (RHAGOLETIS JUGLANDIS 
CRESSON)' 


By A. M. Boyce, University of California, Citrus Experiment Station, 
Riverside, California 
ABSTRACT 


An infestation of this trypetid in English walnuts in southern California has un- 
doubtedly existed for several years though the correct identity of the insect concerned 
was not known until the beginning of the 1928 season. It appears to be a potentially 
serious pest of English walnuts causing the most injury to the later ripening thick- 
husked commercial varieties. The nature of the injury is described. Notes on life 
history studies are given with a brief discussion of possible control. 


HISTORICAL 


In October, 1926, maggots were found by Mr. Stanley Flanders in 
the husks of several varieties of English walnuts from the Chino section. 
At the time it was believed that these were larvae of the common walnut 
husk maggot, R. suavis Loew. When some adults emerged from this 
material they were identified as Euxesta notata Wied., a species with 
scavenger habits. It was then assumed that the husks of the infested 
nuts had been mechanically injured and had for this reason attracted 
the scavenger flies. The following season (1927) walnuts in several 
adjoining groves near Chino were noted to have maggots tunneling in 
their husks. The degree of infestation indicated that the insect was 
attacking healthy nuts. From material collected at this time and placed 
in soil cages there later emerged several species of flies, the most im- 
portant one being R. juglandis Cresson. Mr. H. M. Armitage obtained 
adults several weeks previous to this from pupae kept indoors and for- 
warded them to Dr. J. M. Aldrich for identification. 


‘Paper No. 209, Graduate School of Tropical Agriculture and Citrus Experiment 
Station, Riverside, California. 
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This insect was first described in 1920 by Cresson* from material 
taken from the exocarp of /uglans regia, variety, growing in Carr Can- 
yon, Huachuca Mountains, Arizona. The common name, black walnut 
fly, was assigned this species in the literature apparently to distinguish 
it from the closely allied species R. suavis Loew, the walnut husk maggot. 
It has been proposed and accepted to give the common name of walnut 
husk fly to R. juglandis Cresson. 


DISTRIBUTION 

The U. S. National Museum has records of this species from Arizona, 
Texas, Kansas, and California. The known infestation in California 
at the beginning of the 1928 season was limited to three or four groves in 
fairly close proximity. Later in the season however, Mr. Cyril Gammon 
of the State Department of Agriculture, in his survey found that the 
insect had spread over an area of about twenty-three square miles. 
It is not definitely known how or when this pest came into this state. 


Hosts 


Thus far all of the known hosts are members of the walnut family 
and belong to the genus /uglans. The species from which infestations 
are recorded are /uglans regia, the English or Persian walnut, /uglans 
rupestris, a species indigenous to Arizona and Texas, and /uglans 
hindsti, the California black walnut. From an economic viewpoint 
Juglans regia is the most important host of the walnut husk fly. Certain 
varieties of the English walnut, however, are more heavily infested than 
others. The reason for this appears to be due to the physical nature 
of the husk, i.e. relative softness and thickness. The Eureka, Klondike, 
Payne, Franquette and Ehrhardt, varieties are among the most sus- 
ceptible to injury. 


NATURE OF INJURY 

The injury is caused by the larvae feeding within the green husk 
of the nut. They tunnel through the inner part of it and in so doing 
break down the tissue. The surface of the husk directly above the feed- 
ing tunnels turns dark in color from the decay that takes place beneath. 
This darkened area increases as the larvae extend their feeding range 
and in many cases includes the entire husk, though usually about half 
or less of it is affected. The soft decay permanently darkens the shell 
of the nut. This staining is probably caused by tannin released from 


*Cresson, Jr., E. T., Descriptions of New North American Acalyptrate Diptera. 
II. (Trypetidae, Sapromyzidae) Ent. News XX XI, 65-67, 1920. 
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the broken down tissue and in many instances it penetrates through the 
entire thickness of the shell. Up to the present time there is no known 
bleaching agent that will satisfactorily remove this dark stain. The 
meat of the nut lying immediately below such stained shells is in some 
cases blackened. This may be due to the excess of moisture held by the 
soft decay of the inner husk. The injury to the meats in the heaviest 
infested grove last season only amounted to about 5 per cent of the total 
infested nuts. Thus it is evident that the staining of the shells is the 
major injury and this causes otherwise good nuts to go as “‘off grades.”’ 
Moreover, infested nuts very often become ‘‘stick tights” and thus are 
difficult to harvest. 

Later in the season particularly after the peak of the brood has 
emerged from the soi!, those walnuts attacked are not ordinarily serious- 
ly injured. Cases have been observed where the eggs that were de- 
posited in the husks did not hatch, and further some instances were 
noted where the larvae did not mature. In an infestation of the Eureka 
variety last season our count showed that 95 per cent of the nuts ex- 
amined exhibited evidences of having been attacked, that is, either 
by the presence of egg punctures or larvae. In this same plot only 
about 50 per cent of the crop delivered to the packing-house were “‘off 
grades”’ due to maggot injury. 


GENERAL DESCRIPTION 

ApuL_t—General body color tawny with lemon yellow markings. Wings hyaline 
with three parallel transverse dark bands, the distal band, however, continued along 
the costal margin to the apex. Abdomen with dark transverse bands on the dorsum. 
The female is slightly larger than the male and the end of the abdomen is more pointed, 
due to the telescoping of the ovipositor. The females are about 4 mm. in length. 

EGcGs—The eggs when first laid are pearly white, becoming darker in color as the 
embryo develops. One end tapers slightly and terminates in a short pedicel while 
the other end tapers to more of a point. They are somewhat curved and measure 
about 0.8 mm.x 0.3 mm. 

LARVAE—The larvae are nearly transparent in the early stages but become creamy 
white or light yellowish in color as they approach maturity. The anterior and 
posterior spiracles are fairly prominent and are orange yellowish in color. Mature 
larvae measure about 9 mm.x 2 mm. 

PupaE—The pupae rather closely resemble grains of wheat. They are somewhat 
barrel-shaped, of straw color and measure about 5 mm.x 3 mm. 


Lire History AND HaBits 
The winter is passed in the pupal stage in the soil ordinarily at a 
depth of from one to four inches. Last season adults began to emerge in 
late July and the peak was reached about August 15th. The flies 
gradually decreased in numbers during September and none were found 
after September 20th. , 
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The flies feed on droplets of moisture such as dew and exudations of 
plant sap. Apparently they are capable of dissolving certain solid 
deposits on the foliage to take into their bodies for food. They feed 
most actively during the early part of the day. A period of from 7 to 
14 days after the females emerge from the soil must elapse before any 
eggs are completely developed in the reproductive system and ready for 
oviposition. 

The eggs are deposited below the surface of the husk of the walnut in 
batches varying in number but usually consisting of about fifteen or 
sixteen. Preliminary to oviposition the female quite actively searches 
for a suitable spot in which to insert her ovipositor. Frequently, the 
place selected is not satisfactory or for some reason the ovipositor is not 
inserted far enough for any eggs to be deposited. But when the right 
spot is found the ovipositor is forced into the husk to a depth of several 
millimeters and the body is then moved about in a semicircle. This 
movement apparently lacerates the tissue of the inner husk, making a 
cavity for the eggs. Several minutes are required for the fly to lay 
a batch of eggs. The spot where the ovipositor pierces the husk becomes 
darkened after a day or two and it is not until then that the egg cavity 
beneath can be detected with the unaided eye. Copulation and ovi- 
position occur mainly in the forepart of the morning and in the late 
afternoon and evening. 

The eggs hatch in from four to seven days and the larvae immediately 
upon hatching begin to tunnel in the inner portion of the husk. The 
larval stage requires from three to five weeks. When mature the larvae 
come out of the decaying husk and drop to the ground. They burrow 
into the soil immediately, changing into the prepupal stage within 8 
to 24 hours, and are completely transformed to pupae within a few days. 
Some of our observations are not strictly in accordance with those 
reported in the original description. For instance, quoting direct 
“.... it (the fly) appears toward the end of June. ....The earlier 
larvae go to the ground by a silk thread for pupation, but most of them 
stay in the hull until the nut falls, and pupate in it.” In this study on 
no occasion was a larva noted to descend from the nut to the ground 
by a silk thread. However, a few pupae have been found in the dried 
husks adhering to the nuts at harvest time. 

There were no indications of a partial second generation last season. 
At the present time (July 1929) there is an appreciable percentage 
of the pupae of the 1927 brood that have not yet emerged. These 
pupae are apparently normal so that very probably a portion of the 
generation will require at least two years to complete the life cycle. 


Plate 26 


1 
2 
1.— Rhagoletis juglandis Cress. (female) 
2.—Infested walnuts showing typical injury to the husk. Arrow indicates 
where eggs were deposited below surface. 
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PossIBLE CONTROL 


Control experiments of the 1928 season were necessarily preliminary 
in nature and yielded insufficient data upon which to base conclusions. 
When the flies began to emerge from the soil, a plot of 75 trees in each 
of two groves was sprayed with basic arsenate of lead (4 Ibs. per 100 
gals.). Unsprayed plots adjoining served as checks. Frequent obser- 
vations and counts in the sprayed plots indicated that the spray afforded 
appreciable protection for several weeks after it had been applied. 
A second spray would have been advisable but at the opportune time 
for the application both groves were being irrigated. After the peak of 
emergence of flies had passed, representative counts were made in the 
sprayed plots and in the check plots to ascertain the approximate degree 
of protection afforded by the one spray application. In sprayed plot 
number I about 27 per cent of the nuts examined exhibited evidences of 
attack by the insect while in the corresponding check plot about 95 
per cent were infested. In this instance there was a difference of 68 per 
cent in favor of the spray. In sprayed plot number II about 25 per cent 
of the nuts examined were infested while in the check plot the infestation 
amounted to about 71 per cent. In this case there was a difference of 46 
per cent in favor of the spray. 

Our plans for the 1929 season are to conduct rather extensive experi- 
ments on the control of this pest using various materials and methods of 
application. 

Quarantine measures were put into effect during the 1928 season to 
prevent the artificial spread of this insect. At the present time plans 
are under consideration by the State Department of Agriculture in 
cooperation with the counties concerned and with the California Walnut 
Growers’ Association to conduct an extensive control campaign during 
the 1929 season. An attempt probably will be made to eradicate the 
insect in small areas that are somewhat isolated from other walnut 
groves. 

SCAVENGER FLIES 

Several species of scavenger flies have been reared from walnuts in- 
fested with the walnut husk fly. Euxesta notata Wied. and Lonchaea 
occidentalis Malloch are the ones most commonly found. They attack 
the inner husk of the walnut after some decay has already begun which 
may be caused by mechanical agencies as well as by the walnut husk 
fly. On general observation the larvae of these two species of scavengers 
resemble each other very closely and their habits are similar. They 
become quite abundant when the peak of larval emergence of the walnut 
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husk fly is past and continue until the husk dries up entirely. The eggs 
are deposited in the decaying tissue of the husk. They hatch within a 
few days after egg deposition. The larval stage lasts from two to four 
weeks and when mature the larvae usually come out of the husk to 
pupate in the soil. Our observations thus far have not shown that 
these scavenger species are of economic importance. 


SULFUR AS AN INSECTICIDE 
By E. R. pE ONG and M. Huntoon, San Francisco, Calif. 


ABSTRACT 

The insecticidal value of sulfur, in the elementary form, is receiving increasing 
recognition especially for high temperatures. Such increase in usage is at least in 
part, due to improvements in the process of manufacture, particularly the very 
finely ground sulfurs and precipitated sulfurs. The latter are becoming available in 
increasing quantities and at low prices through the recovery of sulfur in purification 
processes. Very large potential supplies of this form of sulfur are available as the 
demand may justify their recovery. Experimental results are given of the value of 
sulfur dust for the control of thrips and the larval stage of scale insects. 

Sulfur has long been a specific for certain species of mites, especially 
those commonly known as “red spiders.’’ New uses are, however, 
being reported within recent years, this progress applying specifically 
to its action on insects rather than to mites. The wider field of useful- 
ness for this chemical, is associated directly with improvements in the 
process of manufacture, including fineness of division of the particle 
and the placing of a definite electric charge on same, preparation of 
new and cheap commercial forms, combination with other chemicals to 
eliminate physical difficulties in handling, increase toxicity and elim- 
inate application expense. The greatest success in the new uses of 
sulfur have been in regions of comparatively high temperatures, for 
example, the work on the cotton Flea Hopper'—* and that of McGregor’ 
on the control of the tarnished plant bug in Arizona and California. 
The latter author is apparently the first to emphasize the insecticidal 
action of elemental sulfur, particularly on the sucking insects. Recent 
papers on the cotton Flea Hopper have emphasized the value of dusting 
with superfine dusting sulfur as a practical control measure. 

The value of sulfur for agricultural purposes is largely associated 
with fineness of division. Even in soil treatments, the rate of oxidation 


1C. O. Eddy. “Cotton Flea Hopper Studies.”” S. Car. Bull. 251. 

2H. J. Reinhard. ‘Control and Emergence of Cotton Flea Hopper.’’ Texas Bull. 
356. 
3E. A. McGregor. “‘Lygus elisius. A Pest of Cotton Regions in Arizona and Cali- 
fornia.’’ U.S.D.A. Tech. Bull. 4. 
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has been repeatedly shown to be greater in sulfurs that are finely ground. 
In pest control work, finely divided material gives greater coverage of 
leaf surface, adheres better than coarse particles and through the in- 
creased surface exposed to the air, a more rapid rate of sublimation may 
be expected. Manufacturing plants are now supplying dusting sulfurs 
which pass through a 325 mesh sieve, (particle size 1-20 microns). 
Such dusts have given good satisfaction both for dusting and spraying, 
but have shown some physical difficulties of packing and clogging 
dusters. This has been shown‘ in part to be due to the electric charge on 
the particle. Sulfur normally carries a negative charge which may be 
neutralized by combining with lead arsenate and other materials and 
the sulfur be in a free flowing condition. There is now sulfur on the 
market which carries a positive charge and theoretically is more ad- 
hesive to a wet leaf surface which is considered to be negatively charged. 
Another method of overcoming the packing tendency, of fine sulfur 
is the inclusion of small amounts of other chemicals which in them- 
selves are free flowing. 

In addition to finely ground sulfur and sublimed sulfur for horti- 
cultural purposes there is now available sulfur in the colloidal and 
precipitated forms. The former has proven difficult to market, at a 
sufficiently low price to compete with other sulfurs, even though it was 
more active but precipitated sulfur is coming into general use. One 
of the simplest ways of preparing colloidal and precipitated sulfur, is 
by the addition of sulfuric acid to lime sulfur solution.’ Sulfur prepared 
in this way has been found very active in pest control. An objection 
to such a preparation is the presence of a considerable amount of the 
insoluble calcium sulfate. Hydrochloric acid may be substituted for 
sulfuric acid with the resulting formation of calcium chlorid, a soluble 
salt readily removed by washing, but of course, with an increase in 
expense. Two other methods of producing precipitated sulfur in 
amounts and cost suitable for spraying purposes are :—first, recovery of 
sulfur where present as hydrogen sulfid in natural and manufactured 
illuminating gas and from the “‘still gas’’ of the oil refinery; second, 
where possible to use lime sulfur solution, a certain amount of free sulfur 
is precipitated out on the leaf and twig. The recovery of sulfur, where 
present as hydrogen sulfid, offers the potential possibility of furnishing 
thousands of tons of high grade sulfur, whenever the demand and 
market justifies its recovery. The use of precipitated sulfur, direct 


‘Streeter, Leon R. Physical properties of commercial dusting and spraying 
materials. New York Tech. Bull. 125. 
‘Ramsay, A. A. Agr. Gazette. New South Wales 33:819. 
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from the application of spray, implies a condition of plant that will not 
be injured by the polysulfids present. The value of sulfur in this form 
was first brought to the author’s attention a few years ago. While 
experimenting with concentrated lime-sulfur solutions as an ovicide 
for the brown mite, Bryobia praetiosa Koch, it was noted that the 
actual ovicidal value was very low, but that almost 100 per cent of 
the larvae, hatching from the treated eggs, died when one or two days 
old while the mortality in the check plot would be from two to eight per 
cent. Dust applications of sublimed and ground sulfur had apparently 
no effect on the larvae and nymphs at the prevailing maximum temper- 
atures of early spring 60°-72°F. This led to the theory, on the part 
of the author, that the sulfur® precipitating from the polysulfids of the 
lime sulfur solution was a more active form than the sublimed and 
ground sulfur then on the market. 

There is also proof shown by different experimenters’* that a certain 
proportion of free sulfur is in solution in the lime-sulfur solution. The 
insecticidal action of lime-sulfur solution is then due first to the reducing 
or oxygen absorbing power of the sulfide and secondly to the action of 
free sulfur. 

The precipitated or free sulfur resulting from the decomposition of 
lime-sulfur solution must be similar in form and action to that of sulfur 
precipitated from other solutions containing sulfides, thiosulfates or 
hydrogen sulfid in solution. The difficulty has been in finding a supply 
of sulfur in this form, which was both abundant and cheap. The drug 
and chemical markets have long quoted “precipitated sulfur’ as a 
standard commodity, but at retail prices of 30 to 35 cents a pound,—a 
rate prohibitive to orchard dusting. It remained for the inventive 
activity of a chemist, Dr. Ludwig Rosenstein, in cooperation with the 
Pacific Gas & Electric Company of California, to develop a new process 
of recovering sulfur in the colloidal and precipitated state from hydrogen 
sulfid, present in illuminating gas as an impurity. Sulfur is present 
in the oil used in the manufacture of gas in the proportion of about 1 
per cent and this is converted into hydrogen sulfide during the process 


*Lime-sulfur solutions, as used in spraying consists principally of pentasulfide 
(Ca S5) and calcium thiosulfate (Ca S, O,) which on exposure to air absorb oxygen 
and precipitate out free sulfur. The reaction is represented by the following equation: 

Ca S5+30—> Ca S, 0,+3 S (Free sulfur) 
Ca S, Ca SO;+S 
?Thompson, Firman and A. C. Whittier. Del. Bull. 105. 
*Safro V. I. Oregon, Research Bull. 2. 
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of gas manufacture and is later removed in a “‘sulfur recovery process’’® 
by washing with a dilute solution of sodium carbonate and precipitating 
with a nickel catalyst,'® no iron being used in the process. The free 
sulfur gathers at the surface of the washing solution as a thick foam 
and in this way the minute particles are aggregated in a filtrable form. 
The paste as it comes from the filter press contains about 60 per cent 
moisture and on the dry basis has about 94 per cent elemental sulfur, 3 
per cent hydrocarbon residue and 3 per cent ash. The latter consists 
principally of sodium salts present in the order of quantity as sulfate, 
sulfite and thiocyanate and about 0.5 per cent of nickel salts. By re- 
pulping, the quantity of ash is reduced to about 1 per cent or less with 
a corresponding increase of sulfur. 

The sulfur, as it is recovered, is largely in a collodial state as shown by 
measurements of the individual particles and also from the fact that 
Brownian movement is shown in water suspensions. The sulfur paste, 
as it comes from the filter, is very adhesive and difficult to handle with 
any kind of tools. Because of its gel-like structure, it dries very slowly, no 
water draining from large piles even though the moisture content may 
be 60 per cent or more. Air drying is very slow under coastal conditions 
where a high humidity commonly prevails. This material may be used 
as a paste, it forming a natural wettable sulfur, or dried in the tunnel 
type of dryer, at carefully regulated temperature. The resulting cake, 
containing one to three per cent moisture, is granular in appearance 
under the microscope and when milled or suspended in water is shown 
to be extremely finely divided. It is possible, however, to overheat the 
sulfur in the drying process, which then fuses or solidifies and thus loses 
its precipitated form. In this fused state, it is much less active than 
in the original form and in fact is simply rock sulfur. The particle 
size of the precipitated sulfur recovered in gas purification has thus far 
defied exact measurement, the nearest approach being with the aid of 
the dark field microscope, where a lateral ray of light is reflected from the 
suspended particles. Such studies do not give exact measurements but 
indicate that at least many of the particles are a fraction of a micron in 
size. The following table will indicate roughly the comparative size of 
sulfur particles in various commercial samples. The measurements 
of the precipitated sulfur from gas are of the larger particles, many of the 
smaller ones being too small to measure with a micrometer eyepiece: 


*Sperr, Jr. T. W. New Methods of Gas Purification. Gas Age-Record, 58:73-76, 80 
(1926). 

Cundall, K. N. The Sulfur Recovery Process of Liquid Purification. Proceed- 
ings Pacific Coast Gas Association. 17:408-439 (1926). 
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TABLE 1. Groupines or SULFUR PaRTICLEs In CoMMERCIAL TYPES 


Ground Ground Precipitated Precipitated 
rock Flower Gas Sulfur (Mercks) 
2 
7 
6 
4 
1 


2 20 5 
7 0 10 
ll 0 
0 0 
0 0 


The fineness of division of the particle is apparently one of the greatest 
points of advantage in precipitated sulfur, thus favoring adhesion to 
leaf surface, large coverage and a very great surface area, which of 
course, facilitates sublimation. The grey color of the sulfur recovered 
in gas purification favors sublimation at low field temperatures. This 
principle has long been recognized in France where the dark colored 
sulfurs are chosen for early spring work in mildew control. Such ad- 
vantage is of course apparent only in the direct rays of the sun. 

In the commercial control of thrips by the use of sulfur dusts, the 
application was made with a power duster, using about one pound of 
sulfur per tree. The dust used was a mixture of precipitated and finely 
ground sulfur. Three dustings were made May 6, May 22, and June 11, 
1929. 

Five days after the last dusting, counts were made to determine the 
percentage of leaves, of new growth, which showed definite deformation 
and injury due to thrips. A record was also kept of the number of 
thrips present on these leaves at this time. Twigs were selected in the 
same general position on the trees in order to present as uniform con- 
ditions as possible. The results are given in Table 2. 


Tasie 2, Toxicity or Sutrur Dust To ORANGE ATTACKING THRIPS 
(Citrus thrips, Scirtothrips citri *Moulton; onion thrips Thrips tabaci) 
(Lindeman; Flower thrips, Franklienella occidentalis Fitch) 

Dusted: May 6, May 22, June 11 Counted: June 19, 1929 
Number Number Condition of Leaves Thrips present on 
of Twigs of Leaves leaves injured examined twigs 
Material used examined examined Injured Normal % Adults Larvae 
Precipitated and 
125 1090 7% 1015 6.9% 53 110 
125 2231 1062 1069 47.6% 208 649 


*Identification was kindly made by John B. Stermveden. 

A count was also made of the field control of this sulfur mixture on the 
citricola scale (Coccus citricola Campbell), this being the same com- 
mercial application of sulfur as reported on the thrips count. 


870 
Sizes 
microns Flower 
(0.001 mm) 
0 
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As the temperature varied widely during the counts, the recording 
time was divided into three groups and counts made in each of the three 
periods. Young scale were emerging continuously during the entire 
period of treatment and counting and since they are most susceptible at 
this stage, and the sulfur sublimes most rapidly at high temperatures, 
then the daily temperature becomes very significant. 

The leaves were chosen from the same relative position on the trees 
and counts made to determine the mortality on the young scales as 
indicated by the live and dead ones attached to the leaves. Under field 
conditions no record is obtained of “‘crawlers”’ which are killed and drop 
off. In laboratory counts this loss amounted to 3.65 per cent of the 
total number of dead scale. 

The results are given in Table 3. 

TaBLe 3. Toxicity oF SuLFuR Dust To LARVAL STAGE OF THE CITRICOLA SCALE 

(Three commercial dustings made over entire block—-Dates: May 6, May 22, 


June 11) 
Maximum 
temperature Number of scales Total 
Dates on which ranges counted Mortality 


counts weremade Materials used during periods Alive Dead percent 
6/17/29 Precipitated and 6/11-6/17 incl. 


ground sulfur 65-90° F. 128 735 85.1% 
6/17/29 Check 1896 331 14.8% 
6/22/29 Precipitated and 6/18-6/22 incl. 

ground sulfur 82-101° F. 28 513 94.8% 
6/22/29 Check 499 961 65.8% 
6/25/29 Precipitated and 6/23-6/25 incl. 

ground sulfur 102—107° F. 11 724 98.5% 
6/25/29 Check 293 876 75.0% 


The effect of the sulfur is principally upon the crawling stage of the 
citricola scale, little action being noted after the larva had settled. As 
the period of emergence is from 6-10 weeks depending upon local con- 
ditions, it is desirable to have sulfur present in toxic amounts over 
the entire period. 

To determine the length of time that a dusting of sulfur remained 
toxic to the larvae the following experiment was made. Every two 
days for a period of 22 days certain leaves were selected in the check 
plot, cleaned of all scale and then dusted. The length of time which 
the dust application was present on the different series of leaves and 
before the scale were transferred varied from 0-22 days respectively. 
The sulfur used was the mixture of precipitated and ground sulfur 
which was applied by means of a hand dust gun, an effort being made to 
duplicate the coverage obtained by use of the power duster. 


q 
* 
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On the 22nd day scales were placed on the leaves upon which the dust 
had been present for the various lengths of time. The transfer of a 
scale to the dusted leaves was made by pinning to each one a leaf, bear- 
ing several adult scales from which crawlers were emerging. As the leaf 
bearing the scale dried the young larvae all migrated to the dusted leaf 
which was still attached to the tree and in a normal condition. The 
leaves with the adult scales were left in contact with the dusted leaves 
for 24 hours; during which time about 10 to 30 larvae would migrate 
from each adult scale on the attached leaf. 

The results are given in Table 4. 


TABLE 4. LENGTH oF PERIOD OF EFFICIENCY OF SULFUR Dust ON CITRICOLA LARVAE 
Scale placed on plant 7/1/29 Counted 7/4/29 
Material used: Precipitated and ground sulfur 
Time between dusting and Number of scalescounted Percent 
Date of Dusting placing of scale on leaves Alive Dead Mortality 
7/1/29 0 days 18 536 96.8% 
6/29 - 14 467 97.1% 
6/27 21 510 96.0% 
6/25 ll 374 97.1% 
6/23 15 550 97.3% 
6/21 32 516 94.1% 
6/19 : 4 229 98.2% 
6/17 25 542 95.6% 
6/15 j 18 463 96.2% 
6/13 11 303 96.5% 
6/11 ; 24 513 95.5% 
6/9 : 36 448 92.6% 


The following experiments on the relative toxicity of various types of 
sulfurs are included to show their ability to inhibit the germination 
of spores of the common fungi, Monilia and Botrytis, such experiments 
being capable of closer checking than field experiments with insects. 
Hanging drop cultures were made with spores of the two fungi and these 
placed in a suspension of 0.1%, sulfur in distilled water for germi- 
nation. The pH of each suspension was kept between 4.8 and 5.0. Direct 
counts of the spores germinating were made by use of a microscope 24 
hours after preparation of the amount. 

The results are given in Table 5. 

TABLE 5 
Germination Germination 

Type of Sulfur used Botrytis spores Monila spores 
Ground sulfur 32.6% 8.6% 
Mixtures of precipitated sulfur and ground sulfur... 19.9% 3.9% 
Precipitated sulfur 5.0% 
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The above data show that commercial control of the thrips attacking 
citrus trees is entirely possible with two or three applications of the 
higher grades of dusting sulfur. These results are confirmatory of E. A. 
McGregor’s work in Tulare County, California, as reported by him 
at the Citrus Institute, held in Lindsay in Oct. 1928. Such sulfurs 
sublime readily at high temperatures and should not be used in seasons 
when the plant is subject to extremes of cool,moist and very hot weather. 

The results on scale control compare favorably at the higher temper- 
atures with the control obtained by spraying. Some data were collected 
indicating that the larval stage of the black scale (Satssetia oleae Bernard) 
is also susceptible to similar treatments. Experiments are planned for 
applying this method to other species of unarmoured scale insects and 
to thrips on orchards and nurseries. 


SOME EXPERIMENTS ON THE CONTROL OF THE CODLING 
MOTH IN AUSTRALIA 


By S. L. ALLMAN, Walter and Eliza Hall, 
Agriculture Research Fellow, University of Sydney, Australia 


Communicated by 
E. O. EssiG, Professor of Entomology, University of California 


During the past few years it has appeared that either spraying with 
lead arsenate has not given the desired control for the codling moth or 
that this pest was becoming increasingly destructive. This condition 
has been apparent in Australia and an unusually severe infestation 
in the season 1925-26 was instrumental in the inception of a series of 
control and life history experiments, in the orchard of the Government 
Experiment Farm, Bathurst, during the following season. These ex- 
periments were continued during the season 1927-28 and some of the 
results obtained are recorded in this paper. 

The following treatments were employed: 

(1). Lead Arsenate, powder, 60 oz. per 50 gals. of water. 


(Three sprays only as per regulations). 
(5). Lead Arsenate, powder, 20 oz. per 50 gals. of water, plus Casein 
Lime spreader, 10 oz. per 50 gals of water. 
(6). Lead Arsenate, powder, 20 oz. per 50 gals. of water. 
(Two calyx sprays only). 
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(7). Lead Arsenate, powder, 20 oz. per 50 gals. of water. 
(Four cover sprays only). 
(8). Lead Arsenate, powder, 20 oz. per 50 gals. of water, plus Sodium 
Arsenate, 2 oz. per 50 gals. of water. 
(9). Lead Arsenate powder, 20 oz. per 50 gals. of water, plus Lime 
Sulphur (28° C.), 1% gals. per 50 gals. of water, plus Casein 
Lime spreader, 10 oz. per 50 gals. of water. 
(10). Paris Green, 1 lb. per 50 gals. of water, plus slaked lime, 3 lbs. per 
50 gals. of water. 
(11). Volek. (White oil), 1 in 60. 
(12). Dust. Lead Arsenate, 1 in 10, with lime. 
(13). Check. Unsprayed and undusted throughout the season. 

Each plot consisted of ten trees of Jonathan apples and all trees were 
bandaged with a strip of burlap. The bandages were examined every 
14 days and the number of larvae, pupae and parasites recorded, with the 
exception of the unsprayed check trees, which were examined weekly. 
Windfall fruit was inspected every seven days and the number of fruit 
and any codling moth injury recorded for each tree. 

Plots were sprayed or dusted five times, one calyx and four cover 
treatments, over a period from 20th of October to 27th January. In 
certain instances the number of sprays was reduced and this has been 
stated specifically in the list of treatments. In all cases of fewer spray- 
ings the normal rate of 20 oz. of lead arsenate per 50 gals. of water was 
used to afford a comparison with the minimum number of sprayings, 
(3), compulsory by regulations and the larger number used in these tests. 

Spraying was carried out with rods bearing angle nozzles, with disc 
apertures of one sixteenth of an inch and at a pressure of 175-200 lbs. 
per square inch. Dusting was performed by means of a knapsack duster 
at approximately 5 a. m. Dusting and spraying were completed on the 
one day to insure comparable treatment. 

The results of the various treatments are listed in the following table: 

In the estimation of the efficiency two methods were used, namely, 
the percentage of infestation of the fruit and the ratio of “‘stings’’ to 
entrances. The “‘stings’’ represent unsuccessful attempts of the larvae 
to enter the fruit, death resulting from the infestation of a lethal dose of 
arsenic or in some cases natural causes, as lack of vitality, unfavorable 
weather conditions or even predators. The use by larvae of previously 
formed “‘stings’’ and the natural mortality of larvae on unsprayed 
trees, as well as many other factors, must be considered before a final 
estimate can be made. Of the two methods, it is felt that the percentage 
of infested fruit is less likely to render a true account, owing to seasonal 
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and individual variation in crop production of the various trees. Thus 
in the season under consideration, the production of apples per plot. of 
ten trees varied from 10,553 to 17,647. The ratio of ‘“‘stings’’ to en- 
trances must, however, be restricted to larvicidal treatments only, and 
other factors be considered in the evaluation of ovicidal or combined 
ovicidal and larvicidal sprays. 

The various treatments listed in their order of merit according to the 
two standards employed were as follows: 


TABLE 2. RELATIVE EFFICIENCY OF TREATMENTS 


A. Percent of Infested Fruit B. Ratio of “Stings” to Entrances 
( 1) Lead Arsenate 60 oz. ( 1) Lead Arsenate 60 oz. 
( 2) Lead Arsenate 40 oz. ( 2) Lead Arsenate 40 oz. 
( 3) Lead Arsenate 20 oz. plus Casein ( 3) Lead Arsenate plus Sodium Arsen- 
Lime. ate. 
( 4) Lead Arsenate 20 oz. plus Casein ( 4) Paris Green plus Lime 
Lime, plus Lime Sulphur ( 5) Lead Arsenate 20 oz. plus Casein 
(5 Lime 
( 6) Paris Green plus Lime ( 6) Lead Arsenate 20 oz. 
( 7) Lead Arsenate 20 oz. ( 7) Lead Arsenate 20 oz. (4 cover sprays 
(8 


) Lead Arsenate 20 oz. (4 cover sprays only) 
only) ( 8) Lead Arsenate 20 oz. plus Casein 


( 9) Lead Arsenate plus Sodium Arsenate Lime plus Lime Sulphur 

(10) Lead Arsenate 20 oz. (3 sprays only) ( 9) Lead Arsenate 20 oz. (3 sprays only) 
(11) Dust. Lead Arsenate and Lime (10) Volck 

(12) Lead Arsenate 20 oz. (2 calyx sprays (11) Lead Arsenate 20 oz. (2 calyx sprays 


only) only) 
(13) Check. Unsprayed and undusted. (12) Dust. Lead Arsenate and Lime 
(13) Check. Unsprayed and undusted 


Taking into consideration the number of “‘stings’’ and entrances (i.e. 
the number of larvae recorded by their injuries to the fruit) it is possible 
to ascertain the percentage mortality of the larvae. This percentage is 
simply the percentage of the number of “stings” to the combined 
number of “‘stings’’ and entrances or, in other words, the number of dead 
larvae as recorded by “‘stings’’ to the total number of larvae, dead and 
alive, as recorded by “‘stings’’ and entrances. This percentage only 
gives the minimum larvicidal efficiency of the spray as numbers of larvae 
are poisoned without producing any visible injury. This type of error 
would be most noticeable where high concentrations of poison are used 
and the efficiency of the spray be much greater than rated on this basis. 


The percentage efficiency of the various treatments is indicated in the 
following table: 


= 
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TABLE 3. PERCENTAGE EFFICIENCY OF TREATMENTS 
Percent Percent 
Treatment Mortality Mortality due to 


1) Lead Arsenate 60 oz 

2) Lead Arsenate 40 oz 

3) Lead Arsenate plus Sodium Arsenate 
4) Paris Green plus Lime 

5) Lead Arsenate plus Casein Lime 

6) Lead Arsenate 20 oz 


( 
( 
( 
( 
( 
( 
( 


7) Lead Arsenate 20 oz. (4 cover sprays only) t 

( 8) Lead Arsenate, Casein Lime and Lime Sulphur.. 67.61 
( 9) Lead Arsenate 20 oz. (3 sprays only) 

(10) Volck 

(11) Lead Arsenate 20 oz. (2 calyx sprays only)...... 

(12) Dust. Lead Arsenate and Lime 

(13) Check. Unsprayed and undusted 


During the season 2,870 larvae, pupae and pupal shells were taken in 
the bandages of the experimental trees, representing 48.31 per cent of the 
5,941 matured larvae which had left the fruit. This figure was con- 
siderably less than that obtained in the preceding season, viz. 73.65 
per cent reaching the bandages. In the examination of windfall and 
infested fruit 9,672 immature larvae were recorded. 


SUMMARY 


(1). One calyx and four cover sprays or dusts were generally used. 
Reduction in number of sprays, using the normal amount of 
lead arsenate powder was also tested. 

(2). The various treatments were evaluated on the basis of the 
ratio of “‘stings’’ to entrances and the percentage of infested 
fruit. 

(3). An increase in the amount of lead arsenate increased the 
efficiency of the spray. 

The addition of a water soluble arsenate increased the efficiency 
of the lead arsenate. 

The use of casein lime spreader increased the efficiency of the 
lead arsenate. 

Paris green was more toxic than lead arsenate at the normal 
rates used. 

The efficiency of lead arsenate at a concentration of 20 oz. per 
50 gals. of water was practically equal in the cases of: 

(a) One calyx and four cover sprays. 

(b) Four cover sprays only. 
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The difference in infested fruits in the two plots was mainly due 
to calyx injury (viz. 66.67 per cent). 

A lowering of efficiency of the lead arsenate was produced by 
mixture with lime sulphur, even when using casein lime spread- 
er in addition. This lowering of larvicidal efficiency was 
counterbalanced by the ovicidal action of the lime sulphur 
and a possible repellent effect. 

A reduction in the number of sprayings with lead arsenate re- 
sulted in a lowering of efficiency. The apparent exception 
in the case of the omission of the calyx spray was easily under- 
stood as the calyx spray would have little effect in building up a 
deposit of arsenate over the fruit to reduce side injury. 

(10). Two calyx sprays with lead arsenate were inadequate in check- 
ing codling moth and ultimately resulted in an increased calyx 
infestation due to the large number of larvae on the fruit. 

(11). Volck was an efficient ovicide, but had little larvicidal action. 

(12). Dusting was markedly inferior to spraying. 

(13). Only 48.31 per cent of the mature larvae reached the bandages 
after leaving the fruit. 


THE PROTECTIVE STUPEFACTION OF CERTAIN SCALE IN- 


SECTS BY HYDROCYANIC ACID VAPOR 
By Geo. P. Gray and A. F. Kirkpatrick’ 


ABSTRACT 

Apparatus and technique are described for use in observing live scale under fumiga- 
tion with accurately determined concentrations of hydrocyanic acid. 

Selected resistant and non-resistant black scale crawlers were first exposed in a cell 
to a sub-lethal but stupefying concentration of hydrocyanic acid, then to a normally 
lethal concentration. The percentage of survivors from this procedure was compared 
with that resulting from the reverse order of exposure. 

Resistant and non-resistant red scale on lemons were fumigated in a gas-tight 
fumigatorium and also under regular fumigating canvas. Half of the lots were pre- 
fumigated with a stupefying dose of hydrocyanic acid and then with the regular dose 
only. The percentage of survivors from these two procedures were compared. 

It was concluded from these experiments, that, when a lot of black or red scale is 
first exposed to a sub-lethal but stupefying concentration of hydrocyanic acid in 
air, followed by a normally lethal concentration, more of them are able to survive 
than of a lot upon which the reverse procedure has been followed. This charac- 
teristic has been termed “protective stupefaction.”’ 

The effect of this phenomenon on commercial fumigation is discussed and sugges- 
tions offered for preventing or overcoming it. 


‘A contribution from the research staff of the Owl Fumigating Corporation, 
Azusa, California. 
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In a study of the nature and cause of the resistance to insecticides of 
black and red scale (Saissetia oleae Bern. and Chrvsomphalus aurantit 
Mask.) in certain citrus districts of California an interesting character- 
istic of these insects was discovered which has a definite effect on the 
results of orchard fumigation. 

While examining live black scale exposed to hydrocyanic acid vapor 
under the microscope, early in the summer of 1926, it was observed 
that they were stupefied within a few minutes and that after remaining 
for some time in fresh air, they recovered. Some individuals recovered 
several times after being repeatedly stupefied in this manner. These 
observations led to a study of the behavior of scale when first exposed 
to a very low but stupefying concentration of hydrocyanic acid followed 
by a high concentration as compared to their behavior when the reverse 
procedure is followed. 

The material for study comprised resistant black scale from the 
Charter Oak, San Dimas, Glendora and Azusa districts; non-resistant 
black scale from the San Fernando, No. Whittier Heights, Cucamonga 
and Orange districts; resistant red scale from the North Whittier 
Heights district ; and non-resistant red scale from the San Dimas district 
of California. 

As the work proceeded, it was necessary to develop new apparatus 
and a technique not heretofore used in order to attain the required 
precision. Some of the procedures and apparatus are new and are there- 
fore described in the belief that it may be of interest to other workers. 

MANIPULATION OF SCALE. The black scale were brought to the 
laboratory on twigs and leaves. After this brush had wilted somewhat 
the scale loosened and crawled about in search of new food supply. 
These crawlers were picked up without injury by means of a needle 
and placed dorsal side down in an air-tight cell provided with glass 
windows at top and bottom. They were unable to turn over or move 
about in this position but the movement of their legs or body muscles 
could be plainly seen by the aid of a microscope. 

The cell under the microscope is pictured in PI. 27, fig. 1. By an 
arrangement of rubber tubing, Y tubes and pinch cocks, as illustrated, air- 
cyanide mixtures of various proportions, or fresh air, was then drawn 
over them for the desired length of time. The two tubes at the extreme 
right of the illustration lead to gas containers, one attached to a supply 
of low cyanide concentration and one to a high. One of these containers 
is illustrated in Figure 40. These containers were set outside the room 
for safety, the tubes passing through holes in the wall. The bottle at 
the left, Pl. 27, fig. 1 is connected to an aspirator, not shown in thecut, 


1 
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and serves as a flowmeter. The rate of flow can be judged by bubbling 
the gas through water contained in the bottle, and regulated. 

Following this treatment, each scale was placed dorsal side up on the 
center of a small circle drawn on white paper and protected from any 
outside disturbance. They were observed from time to time and if any 
one had moved from the center of the circle, it was considered to have 
recovered. 

The observation chamber shown in the right foreground of P1. 27, fig. 1 
was covered with microscope slides. The petri dishes in the center fore- 
ground serve the same purpose. 
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Fic. 40—Fumigatorium and Gas Container 

In many instances, the resistant and non-resistant scale were given 
simultaneous exposure in the same cell, or one or more individuals of 
first one variety and then the other were alternately treated. When 
comparing the effect of a low dose followed by high, with a high dose 
followed by low, the treatments were alternated through the day’s work. 
These precautions were taken to avoid possible error from the influence 
of different environmental conditions, such as temperature and humid- 
ity, at the time of treatment and during the period of observation 
following. 

The red scale were brought to the laboratory on lemons and fumi- 
gated in situ in a gas-tight metal fumigatorium of 27 cu. ft. capacity, or in 
a 16-unit form “tree.” 

Extra precautions were taken to insure a precise knowledge of the 
concentrations of vapor to which the insects were exposed. A sample of 


| 


Plate 27 


1. Set-up of Lethal Cell for Observing Live Scale Under Fumigation and 
Recovery Chambers 
2. Showing Protective Stupefaction of Black Scale 
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the air-cyanide mixture was withdrawn from the container and the 
percentage of hydrocyanic acid contained in it determined before and 
after each exposure. 

DESCRIPTION OF FUMIGATORIUM AND GaAs ConTAINER. The fumigato- 
rium at the left of Figure 40 was also used as a container of air-hydro- 
cyanic acid mixtures of known concentrations for use in drawing over the 
scales contained in the lethal cell illustrated in P1. 27, fig.1. Its dimensions 
are 3’ x 3’ x 3’ and it is constructed of aluminum alloy welded at the 
seams. The bottom is open and rests upon an aluminum base around 
which is constructed a trough filled with ‘white oil’’ as a seal. The lower 
edges of the box fit into this oil seal trough. This arrangement was 
found to be quite effective in maintaining a gas-tight chamber and 
greatly facilitated opening and closing. 

A compensating device, not shown in the cut, consists of a cushion- 
shaped bag constructed of rubberized gas-proof fabric approximately 
two feet square and three inches thick. This is deflated and hung 
against the inside of one of the walls of the fumigatorium. The interior 
of the bag is connected with the outside air by means of a metallic tube 
emerging at E. When air is withdrawn from the container for deter- 
mination of hydrocyanic acid content or for drawing over insects, an 
equal amount of air passes into the bag from outside through the tube 
at E. The creation of a partial vacuum in the fumigatorium or the 
dilution of its contents by the admission of pure air is thus avoided. 
As much as 32 liters of air could be withdrawn without breaking the oil 
seal. 

The desired dosage of liquid hydrocyanic acid is measured from 
the 10 cc. slim burette A graduated in 1/20 cc. into the flask C. The 
burette is surrounded with a glass jacket B through which a stream of 
ice-water is passed. After the dose is measured into flask C, air is 
forced over it by means of bulb D. The air used for blowing upon and 
vaporizing the charge of liquid is withdrawn from the lower part of the 
fumigatorium and after passing through bulb D and over the measured 
liquid in C, is discharged into the upper part of the fumigatorium as 
indicated in the cut. The bulb is manipulated until all of the charge is 
vaporized and until a uniform mixture of air and cyanide vapor in the 
fumigatorium is assured. 

Incidentally, this apparatus was found useful for the accurate meas- 
urement and vaporization of liquids other than hydrocyanic acid. If 
necessary, the flask C may be immersed in a water bath and heated toa 
temperature sufficient to assist vaporization. 
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With this assembly, and by absorbing hydrocyanic in 2 percent sodium 
hydroxide solution, and titrating with N /50 silver nitrate solution, it was 
possible to produce and accurately determine, concentrations of hydro- 
cyanic acid in air as low as 20 parts per million or .002 percent by volume. 

LetHaL CELL AND SMALL ScALE EXPERIMENTS. The dosages used 
were, in many cases, much smaller than those used in commercial fumi- 
gation and the exposure time shorter. This was done so that usually all 
insects would not be killed to permit a comparison of kills by different 
methods. 

A concentration of .12% of hydrocyanic acid by volume was adopted 
as a standard of comparison and was considered as 100% or normal. 
This figure is somewhat near the usual mean concentration during a 45 
minute exposure obtained in field practice when using a dosage schedule 
of 18 cc. per unit of tree size. The low dosages in the lethal cell experi- 
ments ranged from 5% to 47% of the normal or an actual concentration 
of .006% to .056% of hydrocyanic acid by volume. The high dosages 
used ranged from 70% to 391% of the normal, or an actual concentration 
of .08% to .47% of hydrocyanic acid by volume. 

Insects were first exposed to the low concentration for 5 or 10 minutes 
and then to the high concentration for 5 or 10 minutes. A like number 
of similar insects were then first exposed to the same high concentration 
followed by the same low one and for the same length of exposures as 
before. Comparisons of the percentage kills by both methods were then 
made by the method previously described. 

The results of these tests on resistant black scale are tabulated in 
Table 1; on non-resistant black scale in Table 2; and on resistant and 
non-resistant red scale in Table 3. A summary of these three tables is 
given in Table 4. 


TABLE 1. SHOWING PROTECTIVE STUPEFACTION OF RESISTANT BLACK SCALE 


Date Test Number HCN concentration Recovery* 
1927 Number Scale percent of normal L&H H&L 
Ist 2nd % % 

January 26.. 6 16 39.7 295.5 69.0 ad 

_— 12 295.5 39.7 —_- 25.0 

February 7.... 7 20 38.7 275.0 65.0 — 

20 275.0 38.7 5.0 

February 8.. 8 10 21.8 156.7 80.0 —- 

10 156.7 21.8 10.0 

March 10..... 13 10 40.0 95.0 73.3 — 

March 14..... 15 30 52.5 161.0 57.0 — 

30 194.0 47.5 57.0 as 


ls 


30 45.0 192.5 — 60.0 
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TABLE 1—CONTINUED 


Date Test Number HCN concentration Recovery* 
1927 Number Scale percent of normal L&H H&L 
18 25 180.0 40.0 — 48.0 
-— 25 180.0 40.0 — 24.0 
25 40.0 180.0 60.0 
1928 
February 7.... 19 20 5.4 101.3 60.0 — 
_— 20 101.3 5.4 — 25.0 
February 3.... 20 20 10.0 201.5 60.0 — 
— 20 201.5 10.0 — 5.0 
February 7.... 21 .20 24.1 391.7 25.0 — 
10 391.7 24.1 0.0 
Total scales... 373 Average 60.6 22.4 
*L/H means that the low concentration of HCN was administered first followed 
by high. 
H/L means that the reverse order was followed. 
TABLE 2. SHOWING PROTECTIVE STUPEFACTION OF NON-RESISTANT BLACK SCALE 
Date Test Number HCN concentration Recovery* 
1927 No. of Scale percent of normal L/H H/L 
lst 2nd Percent 
February 7... . 7 10 38.7 275.0 0.0 — 
a 10 275.0 38.7 — 0.0 
February 8 8 20 21.8 156.7 0.0 — 
_ 20 156.7 21.8 —_—- 0.0 
February 9.... 9 20 12.6 70.4 5.0 — 
10 70.4 12.6 0.0 
March 10..... 13 15 40.0 95.0 20.0 —— 
March 15..... 17 20 19.5 76.0 85.0 — 
—_ 20 76.0 19.5 — 40.0 
1928 
February 7.. 19 20 5.4 101.3 35.0 —- 
— 20 101.3 54 — 0.0 
February 3 20 20 10.0 201.5 10.0 — 
20 201.5 10.0 0.0 
February 7. 21 20 24.1 391.7 5.0 —_ 
10 391.7 24.1 0,0 
net 255 Average 20.0 5.7 
*L/H means that the low concentration of HCN was administered first followed 
by the high. 
H/L means that the reverse order was followed. 
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TABLE 3. SHOWING PROTECTIVE STUPEFACTION OF RED SCALE 


HCN Concentration Recovery* 
Lot Number __ percent of normal L/H H/L 
No. Scale Ist 2nd Percent 
Resistant Red Scale 

705 18 163 39.6 — 
689 259 60 3.8 

3473 Average 19.3 8.7 

Non-resistant Red Scale 

399 18 163 6.2 — 
441 163 28 — 3.2 
Re err 498 32 199 4.2 — 
546 199 49 — 0.2 
406 259 60 0.0 

2741 Average 4.3 1.1 

*L/H means that the low concentration of HCN was administered first followed 
by the high. 


H/L means that the reverse order was followed. 


TABLE 4. SUMMARY OF TABLEs 1, 2 AND 3 


Average percent survivors 
Order of Exposure to HCN Resistant Non-resistant Resistant Non-resistant 


Black Black Red Red 

Low first—high second 60.6 20.0 19.3 4.3 
High first—low second 22.4 5.7 8.7 1.1 
Approximate ratio. .... 3:1 3:1 2:1 4:1 


The results of a typical set of lethal cell experiments on black scale are 
shown graphically in P1. 27, fig. 3. The concentrations used and the corre- 
sponding scale kills are given in Table 1 and 2, tests 19, 20 and 21. In 
each of these tests (with one exception, in which 10 of each were used) 20 
resistant and 20 non-resistant scale were placed together in the cell and 
fumigated, first with the lower concentration indicated in the tables 


: 
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referred to and immediately thereafter with the higher concentration. 
Another lot, 20 of each strain, was then fumigated with the higher 
concentration first followed by the lower. This test was repeated twice 
using pairs of higher concentrations each time. 

The difference in kill by the two procedures is very striking indeed. 
The product of concentration (in percentage) times exposure (in minutes) 
is the same in each comparison but there is a remarkable increase in kill 
if the high concentration is administered first. Pre-fumigation with a 
stupefying but sub-lethal concentration greatly lowers the kill of the re- 
sistant and non-resistant strains of both black and red scale. 

These results furnish further evidence of resistance to cyanide vapors 
of certain strains of black and red scale. 

LARGE-SCALE EXPERIMENTS. Another series of laboratory experi- 
ments was carried out wherein large numbers of resistant red scale were 
fumigated in a large 16 unit form “‘tree’’ under regular fumigating canvas. 
Lots of scale pre-fumigated with a stupefying sub-lethal concentration 
of hydrocyanic acid and other lots not pre-fumigated were simultane- 
ously exposed, under the same covering, to dosages of hydrocyanic acid 
ranging from 75 percent to 200 percent of the normal.! 

The lemons, carefully selected for uniformity of scale infestation, 
were brought to the laboratory and fumigated during the two days 
following. They were divided into 28 lots of 16 to 18 each, there being 
1000 to 1800 third instar red scale on each lot. Scale smaller than the 
third instar were not taken into account. 

Fourteen of the lots were exposed for 30 minutes to a stupefying dose 
of .15 cc. of liquid hydrocyanic acid in a metal fumigatorium of 27 cu. ft. 
capacity not longer than ten minutes, prior to the regular fumigations. 

The regular fumigations were made within a 16 unit form “tree” 
covered with regular fumigating canvas and were allowed an exposure of 
40 minutes. A uniform diffusion of the charge within the tent was ac- 
complished by means of a fan-type blower run by a gasoline engine. 
Air was discharged into the tented space and directed upward through a 
4inch hose. This blast of air was supplied through another 4 inch hose 
leading from the lower part of the tent and connected to the intake of the 
blower. 

The concentration of hydrocyanic acid was determined in the pre- 
fumigation atmosphere by withdrawing samples at intervals of 5, 15 and 


1A dosage of 18 cc. of liquid hydrocyanic acid per unit of tree size was taken as the 
normal or 100 percent dose. The 18 cc. schedule will produce an average mean con- 
centration of about .12 percent of hydrocyanic acid by volume under field conditions. 
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25 minutes after the charge was applied and in the form “‘tree’’ at inter- 
vals of 1, 5, 10, 20 and 40 minutes. The sampling tubes were placed in 
the form ‘“‘tree’’ so as to withdraw samples from the center and side 
of the tented space at which locations the lots of scale were placed. 

In each test, a lot of pre-fumigated lemonsand a lot not pre-fumigated 
were hung side by side in wire baskets, one pair at the center and one 
pair at the side of the “‘tree.’” There were two lots which were exposed 
to the stupefying dose only and two lots which received no treatment. 
Immediately following the fumigations the lots were returned to the in- 
sectary where they were kept in the open air and protected from the sun 
until the mortality counts were made, 12 to 20 days thereafter. 

The results of these tests are tabulated in Table 5. This table also 
shows the mean concentration of hydrocyanic acid, in percent by 
volume, to which the insects were exposed. At the time the scale were 
counted, the mortality on the check lots 27 and 28 averaged 45.1 per- 
cent. The scale kills in the other lots, tabulated in the last column of 
Table 5 were calculated on the basis of 45 percent of the scale on each 
lot of lemons having died from causes other than fumigation. Third 
instar scale only were included in the counts. It is interesting to note 
that some of the scale were killed by the pre-fumigating dose alone as is 
evidenced by the results on lots 25 and 26. 

The results of scale kill shown in Table 5 are presented graphically in 
Figure 41. The small circles represent the kills obtained in relation to the 
various concentrations used. The figures within these circles are the lot 
numbers, even numbered lots having been placed at the side of the tree 
and odd numbered lots at the center. 

In each of these twelve comparisons, the scale kill was markedly and 
consistently lower in the pre-fumigated lots than in lots exposed to the 
same concentration of cyanide, but not pre-fumigated. 

These results appear to be a fair index of the lethal dosage of hydro- 
cyanic acid for resistant red scale with or without stupefaction. 

The rate of increase in kill from increased concentrations appears to 
be the same whether the scale are stupefied or not. 


TABLE 5. SHOWING PROTECTIVE STUPEFACTION IN RESISTANT RED SCALE 


Mean HCN concentration Total Number Scale Killed by 
Low Low High Scale Surviving Dead Fumigation 
Number Percent Percent In Lot Scale ‘Percent Percent 
071 1457 149 89.8 81.4 
065 1190 106 91.1 83.8 
071 1260 28 97.8 96.0 
065 1047 19 98.2 96.7 
* 


4 
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TABLE 5—CONTINUED 


Mean HCN concentration Total Number ‘fcale_ Killed by 
Lot Low High Scale Surviving Dead Fumigation 
Number Percent Percent In Lot Scale Percent Percent 
016 094 1195 26 97.8 96.0 
O16 OSS 1335 46 96.4 93.5 
094 1144 10 99.1 98.4 
17 98.8 


.124 2 98.5 
119 98.4 
: 99.3 
119 j y 98.3 


137 1069 98.7 
134 1551 28 98.2 
137 1298 Ss 99.4 
134 1300 99.3 


161 1132 99.6 
.148 1083 ; 98.3 
161 1131 ‘ 99.8 
1113 100.0 


196 1578 99.0 
.200 1706 99.4 
1206 ‘ 99.8 
.200 1285 100.0 


1430 58.0 
1467 59.3 


1770 
1643 
Average dead from all causes Lots 25 and 26 


Average kill from low dosage only, Lots 25 and 26............... 
Average dead, no fumigation, Lots 27 and 28 


Another series of experiments, quite similar to the foregoing was 
carried out on resistant red scale. This series differed from the one 
previously described in that the stupefying dose was applied in the 16 
unit form ‘“‘tree’’ under the canvas. This dosage, 36 cc. or 12'% percent 
of normal, was applied to 6 lots of lemons and allowed an exposure of 30 
minutes. The tent was then aired, two lots were removed and 4 new lots 
added. A full 100 percent dose, 288 cc. was then applied, thoroughly 


SSS 
97.2 
98.8 
98.1 
97.7 
06.7 
98.9 
— 98.8 
9...... 016 99.0 
97.0 
4 — 99.7 
12...... — 100.0 
98.4 
99.0 
— 997 
— 100.0 
26...... .016 — 26.0 
27. 1013 42.8 
28. 862 47.5 — 
.. .58.6% 
45.1% 
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diffused with the blower as previously described, and allowed an ex- 
posure of 45 minutes. 

The two lots removed from the tent after the first pre-fumigation 
were exposed to a 100 percent dose for 45 minutes, 24 hours after pre- 
fumigation in order to ascertain if the stupefying effect would hold over 


from one day to the next. 

The wire baskets of lemons were distributed at the bottom, center, 
top and side of the “tree.” Two baskets were placed at each location, 
one containing a pre-fumigated lot, and one a lot not pre-fumigated. 
One lot, not pre-fumigated, was held for observation to determine the 


death rate from causes other than from fumigation. 
The results of this series of experiments are tabulated in Table 6. 


SHOWING PROTECTIVE STUPEFACTION OF RESISTANT RED SCALE 


TABLE 6. 


Location Total Number Scale Killed by 


Lot Method of in Scale Surviving Dead Fumigation 
Number Fumigation Tree in lot Scale Percent Percent 
1..... Pre-fumigated bottom’ 1319 158 88.7 80.0 
2..... followed at once center 1949 126 93.3 89.2 
3..... With 100 percent top 2741 311 88.7 81.2 
ee ace dose side 2070 174 91.6 86.0 


Totals and averages......... S079 769 90.5 84.1 


100 percent bottom 1863 77 96.0 
8..... dose center 1969 75 96.2 93.6 
top 2615 109 95.8 93.1 
10..... - side 1965 113 94.3 90.4 


Totals and averages......... S412 374 95.6 92.6 


ar Pre-fumigated center 1781 34 98.1 96.8 
6..... followed in 24 hrs. side 1907 92 93.2 92.0 

with 100 percent dose 
Totals and averages......... 3688 126 96.6 94.3 


2507 611 398 


Lots 1, 2, 3 and 4, Table 6, were fumigated for 30 minutes with 2 
units of hydrocyanic acid in a 16-unit tent and then with 16 units for 
45 minutes and yet the kill of scale was markedly less than in lots 7, 8, 
9 and 10 which were fumigated with the 16-unit dose only for 45 minutes. 
The former lots were exposed to more cyanide vapor and for a longer 
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time than were the latter. These data furnish further evidence of the 
protective effect on resistant red scale of stupefying but sub-lethal 
concentrations of hydrocyanic acid vapor. 

The results on lots 5 and 6 indicate that the protective effect of pre- 
fumigation is not present after 24 hours. More data are needed on this 
point. 

It appears from these experiments that the 100 percent dosage (18 cc. 
per unit of tree size) is insufficient to effect a satisfactory control of 
resistant red scale. (99°% kill or better.) The data of Table 5 indicate 
that a dosage of 150% will effect a kill of about 99% if the scale are not 
stupefied. 

The data obtained from all of the foregoing described experiments 
are remarkably consistent and, almost without exception, show in 
the case of resistant and non-resistant strains of both black and red 
scale, that when a lot of scale is first exposed to a stupefying but sub- 
lethal concentration of hydrocyanic acid in air, followed by a normally 
lethal concentration, more of them are able to survive than of a lot upon 
which the reverse procedure is followed. The phenomenon is termed 
“protective stupefaction.”’ 

OTHER EXPERIMENTS. Other experiments were carried out in order to 
ascertain if the characteristic just described has a bearing upon the 
results of commercial fumigation. The data of these experiments will 
not be given in this paper, but it seems permissable to present some 
of the more practical aspects of the investigation with only a brief 
description of the experiments. 

Errect Upon CoMMERCIAL FumiIGATION. The present thought of the 
writers is that protective stupefaction is an important factor influencing 
the results of commercial fumigation in two ways: 

1. By slow diffusion. After the hydrocyanic acid is released under 
a tent, a certain length of time must elapse before there is complete 
diffusion—approximately 5 minutes under summer conditions. Studies 
on gas diffusion have shown that the scale on some parts of the tree are 
first exposed to a low concentration of cyanide vapor sufficient to stupefy 
them but not high enough to kill, so that they are able to survive the 
full concentration when the gas is fully diffused. 

2. By drift gas. The gas diffusion through the canvas coverings of 
a row of trees being fumigated and drifting to the adjacent trees is 
of sufficient concentration at times to stupefy scale. 

Under ordinary summer working conditions, the gas is uniformly 
diffused throughout the tent after approximately 5 minutes. Until the 
recent discovery of protective stupefaction, it was believed that 
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the matter of gas diffusion was not a limiting factor in scale kill. It now 
appears that the concentration of gas during the first few minutes of the 
exposure is very important and cannot be ignored. 

It has been shown that, at times, particularly in a grove of large 
trees on a still night, the drift gas is strong enough to stupefy scales and 
thus reduce the kill. If, however, the grove is open and there is an 
appreciable movement of air, the drift gas probably will be dissipated 
before doing any harm. 

In the laboratory experiments described above, the scale were not 
studied under natural conditions and it is possible that in the field they 
might react differently. Practical field experiments were therefore 
planned in order to ascertain if protective stupefaction were a factor in 
the control of scale under the conditions in the grove. 

An experiment was made in the Emmett Parrish grove near Charter 
Oak which was being fumigated by a commercial crew. After a row of 
trees in the first set was covered, alternate groups of three adjoining trees 
each were pre-fumigated with a dose of 2 units of 18 cc. each, approxi- 
mately 10 minutes before they wére regularly fumigated by the crew 
with a 16 cc. schedule. The whole row, including the pre-fumigated 
trees, three in each alternate group was then fumigated in the regular 
manner. There was thus in the row, alternate groups of three trees each, 
the scales upon which had been subjected to a stupe ying dose of hydro- 
cyanic acid in addition to, but previous to, the regular dose and other 
alternate groups of three trees each, the scale upon which had not been so 
exposed. 

The average results of this test show two survivors on the pre-fumi- 
gated trees to one on the regularly fumigated trees, in spite of the fact 
that the pre-fumigated trees received an average total dose of 101% 
while the others received the 88% schedule only. 

A similar experiment was conducted on the M. T. Durrell grove, near 
Azusa, using 2 units per tree for the stupefying dose and the 18 cc. 
schedule for the regular dosage. There were an average of more than 
three survivors on the pre-fumigated trees to one survivor on the regular- 


ly fumigated trees. 

These field and correlated laboratory experiments have furnished 
good circumstantial evidence that protective stupefaction often stands 
in the way of obtaining higher kills of black and red scale by commercial 


fumigation. 
SuGGEsteD MopIFICATIONS OF FUMIGATION Practice. A quick 
distribution, as nearly instantaneous as possible, of a high concentration 
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to all parts of the enclosed tree is the essence of recommended modifi- 
cations of orchard fumigation practice to overcome or prevent pro- 
tective stupefaction. It is also recommended that the fumigating tents 
be laid so as to pull from tree to tree against the prevailing movement of 
air. 

It was found that a dosage considerably higher than normal, artificial- 
ly diffused, but with a correspondingly shortened exposure, greatly im- 
proved the kill of scale but without any greater hazard to the trees than 
the normal dosage. The pulling of tents against the air drift is ad- 
vantageous because the leaking gas will then drift over to the trees 
already fumigated and thus avoid the stupefaction of the scale on the 
trees next to be covered. 

Conc.usions. The data presented herewith are considered to be 
conclusive evidence that, under the laboratory conditions of the experi- 
ments, both resistant and non-resistant strains of black and red scale 
exhibit a characteristic which is termed “protective stupefaction,”’ that 
is, when a lot of these scale is first exposed to a sub-lethal, but stupefying 
concentration of hydrocyanic acid in air, followed by a normally lethal 
concentration, more of them are able to survive than of a lot upon 
which the reverse procedure has been followed. 

Incidentally, some of these data furnish additional evidence that 
the scale in certain citrus-growing districts of California offer greater 
resistance to hydrocyanic acid fumigation than do those in other districts. 

Correlated field and laboratory observations and experiments, not 
fully described in this paper, furnish good circumstantial evidence that 
protective stupefaction is sometimes a factor adversely affecting the 
results of scale kill in commercial fumigation. 

It was found by experimentation, not described in this paper, that 
stupefaction may be partially prevented or overcome by mechanically 
accelerated gas diffusion, higher dosages than normal with proportion- 
ately shortened exposure and by pulling tents from tree to tree against 
the air movement. 


| 
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THE RESISTANCE OF BLACK SCALE (SA/SSETIA OLEAE 
BERN.) TO HYDROCYANIC ACID FUMIGATION 


By Geo. P. Gray and A. F. KirKPATRICK! 


ABSTRACT 

Experiments were made to determine if black scale found on citrus trees in a part 
of the San Gabriel Valley, California are more difficult to control than black scale 
found in other districts. Scale from the so-called resistant district and from districts 
outside this area were established on small potted seedling orange trees and fumi- 
gated with hydrocyanic acid simultaneously and under the same covering. It was 
concluded that the black scale from the so-called resistant district are a hardy strain 
more difficult to kill than those in other districts. This hardy strain may be called 
resistant but not immune. It was possible to kill them all by a high dosage of cyanide. 


Entomologists are not all in agreement on whether or not successive 
generations of certain insects acquire immunity or resistance to an in- 
secticide. Several papers on this subject have appeared in the literature 
and are listed at the end of this paper. 

For the past three years the Research Staff of the Owl Fumigating 
Corporation has been engaged in a study of the so-called resistant scale 
insects infesting the citrus groves of California. One phase of this work 
included experiments to determine if black scale (Satssetia oleae Bern.) 
found on citrus trees in a part of the San Gabriel Valley (commonly 
spoken of as the resistant black scale district) are more difficult to kill 
than black scale found in other d'stricts. It has been concluded that 
this alleged resistance is a reality. The scale in this district appear to be 
a hardy strain of insects more difficult to control by hydrocyanic acid 
fumigation than those in other districts. This conclusion is based upon 
the following experiments. 

Fifty sour orange seedlings were secured and potted in sandy soil in 6- 
inch flower pots. These trees were 5 to 7 inches tall and all grown in the 
same nursery from the same lot of Florida sour orange stock and were 
selected for uniformity. 

The fifty seedlings were divided into two equal lots which were placed 
in separate lath houses located about 120 feet apart. One lot was in- 
fested with black scale crawlers brought in from the vicinity of San 
Dimas where scale are reputed to be resistant. The other lot was in- 
fested with similar insects from the San Fernando and North Whittier 
Heights districts where scale are satisfactorily controlled. The seedlings 
were all free of scale when obtained. They were infested by bringing 
in heavily-infested brush from the desired district and placing it among 


‘Contribution from the research staff of the Owl Fumigating Corporation, Azusa, 
California. 
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the foliage of the seedlings. As the brush wilted, the scales crawled 
about in search of a new food supply and many of them located on the 
seedlings. 

After the scales had become well established, six seedlings from each 
lot were carefully examined and all scale bodies removed except those 
that appeared to be alive. They were quite uniform in development 
and were apparently alike on both sets of plants. 

These infested seedlings were fumigated in the following manner. 
Three sets were made, treating two plants infested with each strain to a 
set. The four plants were placed in a gas-tight metal fumigatorium and 
each set received the same dosage of hydrocyanic acid. The concen- 
tration of gas was determined in each set at intervals, throughout the ex- 
posure of forty minutes. The differences in concentration were found to 
be very slight. 

These three sets of four plants each were fumigated at night. About 
two months later, the experiment was duplicated, except that the fumi- 
gations were made in the daytime. There were thus six separate 
fumigations, three at night and three in the daytime. 

One month after fumigation the plants were again examined and the 
number of live and dead scale counted. The scale counts revealed 
the fact that on every seedling infested with presumably resistant 
scale, there were certain individuals that were able to survive fumi- 
gation. The number of survivors of this strain per tree ranged from a 
minimum of three to a maximum of twenty-eight. This is in sharp 
contrast to the results on the presumably non-resistant scale. In this 
case, there was but a single survivor. Table 1 shows the results of these 
experiments in detail. 


TABLE 1. SHOWING RESISTANCE OF BLACK SCALE TO FUMIGATION 


HCN Scale 
Concen- Host Tree Total Scale surviving Dead Scale Strain of 
tration No. Treated treatment Percent Scale 
2 52 5 90.4 Resistant 
.073 21 307 28 90.9 
Night 37 12 0 100.0 Non-resistant 
38 65 0 100.0 
3 140 6 95.7 Resistant 
075 6 163 10 93.9 
Night 26 28 0 100.0 Non-resistant 
27 17 1 
1 148 27 $1.8 Resistant 
.069 4 147 14 90.5 
Night 39 19 0 100.0 Non-resistant 
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TABLE 1—CONTINUED 


HCN Scale 
Concen- Host Tree Total Scale surviving Dead Scale Strain of 
tration No. Treated treatment Percent Scale 
42 19 0 100.0 Non-resistant 
8 13 4 69.2 Resistant 
sissies 073 14 19 3 84.2 
Day 44 17 0 100.0 Non-resistant 
33 14 0 100.0 ” 
19 29 3 89.6 Resistant 
Se 067 12 27 5 81.5 
Day 34 17 0 100.0 Non-resistant 
50 20 0 100.0 , 
22 24 9 62.5 Resistant 
067 5 23 4 82.6 = 
Day 49 12 0 100.0 Non-resistant 
35 16 0 100.0 . 


TABLE 2. SUMMARY OF RESULTS—SHOWING RESISTANCE OF BLACK SCALE TO 
FUMIGATION 
Scale 
Total Scale Surviving Dead Scale 
Treated Treatment Percent 


Resistant Scale 


957 90 90.6 
eee 135 28 79.3 
1092 118 
Non-resistant Scale 
160 1 99.4 
96 0 100.0 
256 1 


The problem was attacked in another way. Twenty scale crawlers of 
each strain were placed dorsal side down in a cell provided with glass 
windows at top and bottom where they could be observed with the 
microscope. A mixture of hydrocyanic acid vapor and air of known 
concentration was then drawn over them and later the percentage kill 
was determined... The experiment was repeated three times, doubling 
the concentration each time. The results of this experiment are shown 
in Table 3. 
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TABLE 3. SHOWING RESISTANCE OF BLACK SCALE TO FUMIGATION 


Percentage Kill 
Resistant Non-resistant 


Exposed to Strain Strain 


CONCLUSION AND COMMENT 


It was concluded from these experiments that the black scale from 
certain sections of the San Gabriel Valley, California possess a degree of 
resistance not possessed by scale from certain other districts outside 


of the so-called resistant area. 
The later experiments proved that these hardy scale could be called 


resistant but not immune. It was possible to kill them all by a high 
dosage of cyanide but too close by approaching the tolerance of the trees 
for safety under all conditions. No experiments were made to de- 
termine whether or not this resistance is transmitted from generation 


to generation. 
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POTATO FLEA-BEETLES IN WASHINGTON EPITRIX 
SUBCRINITA LECONTE: EPITRIX CUCUMERIS 
HARRIS 


By R. L. WeBsTER and Wm. W. BAKER 


ABSTRACT 

Potato tubers in western Washington are severely injured by the larvae of Epitrix 
subcrinita. A second species, cucumeris, is also common and is concerned in the 
injury. Although damage to foliage is often severe, the greatest injury is to the 
tubers, by reason of the tunneling of the larvae. Late planted fields in general are 
less damaged than those planted early. Dusting potato foliage has reduced leaf 
injury, but has not brought about control of tuber injury. The most satisfactory 
results from insecticide dusts were obtained in using a combination of hydrated lime, 
finely-ground sulfur and nicotine sulfate, representing an actual nicotine content of 
two percent. 

Injury by flea-beetles to potato tubers has resulted in considerable 
loss in western Washington during the past five years. The damage has 
been particularly severe in Grays Harbor, Mason, Thurston, Pacific, 
Lewis and Cowlitz counties. In many instances growers in this area 
have been unable to produce a crop of salable potatoes, either for seed or 
for table use. 

When this problem was first taken up in 1926 as a station project it 
was assumed that Epitrix subcrinita, a western species, was in the main 
responsible for the injury. <A further study, however, has shown that a 
second species of Epitrix, which has been identified by Dr. E. C. Van 
Dyke as cucumeris, is also common in the same area. 

The severe damage to tubers is accomplished during July, when the 
larvae are found in greatest abundance in the field. Digging about 
the tubers in mid July usually reveals the larvae, which mature in large 
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numbers at this time. Often these are discovered with the head in- 
serted in the tuber itself, the body protruding at right angles to the 
surface. 

Because of the fact that an abundance of larvae working in the 
tubers during July is followed later in the month by a corresponding 
abundance of beetles of Epitrix subcrinita, we believe that this species is 
responsible for the main injury to potato tubers in this area. 

Injured tubers are characterized by an irregular tunneling or pitting, 
which seldom extends to a depth of over three millimeters, altho occa- 
sionally deeper, but which demands more than the usual amount of 
peeling when prepared for cooking. The additional peeling required 
necessitates the removal of much of the otherwise edible portion of the 
tuber and has resulted in considerable waste. 

Occasionally the injury is in the shape of a surface channel, often 
curved in outline, and doubtless accomplished by the larva when the 
tuber is small. The surface injury is less important than the pitting, 
since it does not extend deep into the tuber. Such injury has pre- 
viously been noted by Hoerner and Gillette (1) as being due to the 
larvae of Epitrix cucumeris in Colorado. Similar injury in Washington 
may be due to the same species. According to Mr. Hoerner EF. sub- 
crinita is not found in eastern Colorado. 

“Worm tracks” or “‘slivers,’’ as described and figured by Hoerner and 
Gillette, also by Webster (2) are fairly common, and this deeper type of 
injury again is attributed to Epitrix cucumeris. Because of the fact 
that both species have been common, usually abundant in the field, it 
has been difficult to separate the injury caused by the two. 

Tunnels in potatoes, made by the larvae of Diabrotica soror, are 
sometimes confused with the damage by flea-beetle larvae. These 
are somewhat larger and are characterized by a slight depression on the 
surface of the tuber. Because of the fact that tunnels made by flea- 
beetle larvae become filled with corky material, injury by these larvae is 
characterized by a pimply surface, or even a smooth surface, but seldom 
if ever by a marked depression that surrounds and leads into the feeding 
puncture or tunnel. This Diabrotica injury to potato tubers has al- 
ready been noted by Baker (3). 

While the greatest injury is that caused by the larvae to the tubers, 
damage to foliage often is severe, especially following the emergence 
of the summer brood of beetles late in July. Young plants attacked by 
the beetles at this time may be killed entirely, but the main crop of 
potatoes is not likely to suffer injury from the work of the adults. 
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In western Washington damage to the tubers by the larvae or to the 
foliage by the beetles has seldom been serious in fields of five acres or 
larger. Most of the plantings in this section of the state are small and it 
is in these small fields that the insects are really serious. Epitrix sub- 
crinita has been collected frequently on potato foliage in many localities 
in eastern Washington and is common in the potato growing district 
of the Yakima valley, but injured tubers are seldom observed out- 
side of five or six counties in the western portion of the state. 

While it is evident that the insect winters over as an adult, the beetles 
have been observed only rarely in spring before potato plants appear 
above ground. A careful search in the vicinity of potato fields in several 
localities in Grays Harbor county in February and March 1929, where 
damage was severe the previous year, failed to reveal any specimens of 
either species under consideration in this paper. April 21, 1929 several 
beetles of Epitrix subcrinita were collected on leaf buds of a seedling 
cherry on the station grounds at Puyallup, Wash. In the fall beetles 
have been seen in abundance as late as October 20, feeding on corn silks 
and on the kernels. 

Although the insect has been studied in the field for several years the 
number of generations is still in doubt. Damage by larvae has been 
noted as early as June 22 and larvae observed in potato fields as late as 
September 14 in Grays Harbor county. The brood causing the main 
damage, as previously stated, occurs during July. 

Considerable difference in degree of injury by larvae has been ob- 
served in fields planted at different dates during the season and in general 
later planted potatoes have suffered less damage. Moreover, small 
fields planted very early, in February and March, or even in the pre- 
ceding November, may be dug sufficiently early to escape injury by the 
main brood of larvae in summer. 

The different varieties of potatoes, early and late, usually are planted 
in this district from late in April.up to the middle of June. Much less 
damage has been found in tubers from fields planted after June 15. 
Growers in some districts claim that they can plant potatoes as late as 
July 12 and be reasonably assured of a crop. 

Dusting potato foliage with various insecticides has reduced the 
injury to the leaves to a marked degree, but this has not brought about 
control of tuber injury. Various combinations of lead arsenate, calcium 
arsenate, sodium fluoride and sodium fluosilicate mixed with lime and 
sulfur, and with lime alone, gave some protection to foliage but the 
tubers in most cases exhibited considerable injury from the larvae. 
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Results with a pyrethrum extract known as Evergreen, used at a 
dilution of 1-150 in 1927, were very satisfactory in killing the beetles, 
but in later trials, even when used at greater concentrations, were quite 
unsatisfactory. 

The most satisfactory results were obtained with nicotine dusts. 
From trials in 1928 it was evident that a two percent (actual nicotine 
content) dust was sufficient to kill most of the beetles. Hydrated lime 
and sulfur were used as a carrier. The dust was made as follows: Hy- 
drated lime, 634 pounds; finely ground sulfur, 5 pounds; nicotine sulfate 
10 ounces. 

The high cost of this material makes its general use almost prohibitive, 
but it is believed that great benefit from nicotine dust may be obtained 
when used on the borders of a potato field early in the season to check 
the influx of the beetles, which appear to work inwards toward the center 
as the season progresses. 
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THE FIG-INSECT SITUATION IN THE SMYRNA FIG DISTRICT: 
By Haroip R. HaGANn . 
ABSTRACT 

Brief notations regarding the principle insect pests (especially Ephestia cautella 
and Plodia inter punctella) of fig trees and fruit of the Smyrna fig in Turkey. A sum- 
mary of the economic phase of their attack including actual infestation and con- 
tamination by disease organisms. The method employed to enable figs to meet the 
new United States tolerance limits is outlined and includes the grading, sacking and 
fumigation of the fruit. 

The object of my trip to the Smyrna fig district was to endeavor to 
develop a method of controlling Ephestia cautella and Plodia inter- 
punctella in dried figs. It was hoped that this reduction of the infes- 
tation in shipments of figs consigned to New York would enable them 
to pass the requirements of the Federal Food and Drugs Act relating to 
infested fruit. 

The seriousness of the situation may be brought home to us when we 
learn that the annual importation of Smyrna figs is more than 20,000,000 
pounds. In 1927 the fruit inspected and condemned at port of entry 
totalled two-thirds of the tonnage consigned. The 1928 enforcement 

1These observations were made by the writer during the months of June, July and 
August, 1928, while engaged as consulting entomologist by the National Biscuit 
Company. The Company very kindly consented to the publication of these data. 
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of the regulations was to be even more drastic so that the monetary 
loss would be very great if they were rejected. California’s crop suffered 
severely too for it became subject to the same inspection. And so it 
seemed that the American public’s daily fig newton might suddenly 
become a thing of the past. 


Carpophilus hemipterus L., the dried fruit beetle came freely to traps 
until the approaching maturity of the Smyrna figs. After this they re- 
fused to come to them even when ripe figs were used and the traps were 
placed in the orchards. While they lived on other crops during the early 
summer they became especially abundant in the fig orchards beginning 
about July 25. Only one generation is produced in the Smyrna fig and 
the grown larvae apparently enter hibernation for it is said that only the 
first part of the crop is affected by them. The writer was not there in 
September to verify this claim but actual count of figs during the early 
part of the season showed a rapid drop in infestation by this insect. 
They seem to attack the sound figs as readily as the split ones. The eye 
of the Smyrna fruit is large and open, permitting easy access to the in- 
terior. 

This insect is taken from apples, pears, tomatoes, grapes, melons and 
other Cucurbitaceae before the fig crop ripens and as these are common- 


ly infected with smut the economic importance of the species is quite 
similar to its California representatives. 

The usual infestation of the first figs to ripen varies from two to five 
larvae in each affected fig. More of them often occupy a fig, as many as 
twenty-one having been taken in one instance. 


Scolytidae was represented by a very small undetermined species 
that was found doing damage in many of the orchards. It was claimed 
that the dead twigs were winter-killed. Examination of several twigs 
showed that the engravings of this insect completely girdled them every 
few inches because of their numbers. 

Upon the emergence of the adults in August they were found to be 
directing their attack to living limbs and twigs, usually in the same or 
adjacent limbs. The growers were reluctant to believe that such a 
small insect can do any appreciable damage. 

It is believed that this insect can be transmitted readily in cuttings, 
therefore considerable caution should be exercised in connection with 
slips of Smyrna figs that are imported for experimental plantings and 
for varietal studies. 

Cetonia (aurata L.?) is found as a larva on the roots of fig trees. The 
orchardists claim that they often are found when dead or diseased trees 
are removed. 
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Prionus (coriarius L.?) also was found in some numbers but they 
were taken by a grower from the main stem below the surface of the 
ground. The tree was in poor condition at the time. 

Formicomus tonicus Laf. is one of the Anthicidae found constantly 
and in abundance upon the leaves and ripening fruit. It is a far more 
active insect than Carpophilus and individuals repeatedly have been 
seen entering several figs in quick succession. This is a habit of con- 
siderable significance to the entomologist for here we see an agent for the 
rapid spread of smut from an infected fig to a number of others. Fur- 
thermore its tastes are catholic and I have taken it from most of the 
truck crops, several weeds, ornamental flowers and grapes, growing in 
the interior. 

The spores of smut seemed to be omnipresent and especially were they 
common upon grapes. It might be reasonable to suppose then that 
Formicomus could be, and perhaps is, a prolific disseminator of this 
disease in figs. It is probably true, for this reason alone, that the 
species is of more economic importance in Turkey than is Carpophilus. 

Coccus hesperidum L., or so I provisionally determined the scale to be, 
was widely distributed and could easily be found on the trees but never 
was abundant and in its attack did no apparent damage. 

Ceroplastes rusci L. is a gray, convex scale frequently found upon the 
leaves and smaller twigs. It was said to be very abundant in 1927 and 
was common on the fruit as well. Ordinarily it cannot be said to be 
serious. 

Cicada plebeja Scop. in the adult stage appeared in swarms in late 
July and in August. Their exit holes above the roots of the fig trees 
were exceedingly numerous in every orchard. There was no attempt to 
estimate their number but it must have averaged well over fifty per 
tree. The orchardists speak of it as a normal condition to have them 
annually in such numbers. 

Plodia interpunctella Hb. was found in the fig districts of the interior 
working in the figs stored in the homes of the villagers. Its presence 
in the hans or packing plants was quite evident in the evenings when they 
were on the wing. It appeared in the han about five days after Ephestia 
was found, that is, about the first of September. This species has been 
responsible for a very high percentage of fig infestation in the past and is 
one of the principal factors in the refection of wormy figs at the United 
States port of entry. It was my conviction that Plodia uses native 
wild or cultivated plants as alternate hosts between fig seasons. The 
primary reasons were simply that there is not enough stored fruit 
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in the homes nor are the few stores of the interior stocked with sufficient 
quantities of produce. Large numbers of moths are necessary to cause 
the sudden appearance of such a wide-spread and general infestation of 
these insects in the hans and orchards. Their activity in the latter 
seemed to the writer to be of less intensity than in the hans. 

Its parasite, Microbracon hebetor Say, is reported to control it before 
the season is over. 

Ephestia cautella Walker too, I think, must utilize native crops as 
alternate hosts for its early summer generations. Chittenden reported 
that it attacks chick peas in Spain but I found no evidence of Ephestia 
infestation in the few specimens that came to my notice in Turkey. 

My observations agreed with Smyth in that the adult was not found 
ovipositing on the fig on the trees but upon the partially dried fruit on 
serghi. The first larvae were brought into the han on the twenty-second 
of August. Their numbers increased rapidly thereafter. Smyth also 
reported that this insect was discovered by him in the hans beginning 
August 3lst and that they were not numerous until October. I con- 
sidered them quite abundant in the evenings during the first week in 
September. I do not know how much they increased in numbers later 
on so that the discrepancy between Smyth’s report and my own must be 
considered a question of relative values or seasonal fluctuation. 

Smyth stated in 1911 that yel figs probably served as host for the 
summer generation of this species, thus enabling it to increase rapidly 
and make its heavy attack upon the fig crop maturing in August and 
September. This may be the case in certain years but I doubt it. In 
1927 there were a few yel figs, it is claimed that there were not more 
than four to six per tree. Last season, there were no yel figs. The infes- 
tation was said to be about the same in both seasons. The matter lacks 
quantitative data of course but the statement to this effect was derived 
from men who are growers and exporters of figs. 

For other reasons it is doubted that yel figs could provide suitable 
quarters in which Ephestia may pass its larval history. The fig is low 
in sugar content and watery. The daily temperature exceeds 90°F. in 
the shade. Dessication must quickly take place and the figs would 
become hard and dry, a very unfavorable situation for this insect. It is 
questionable if the larvae would survive after hatching. 

Mr. Smyth and I were sent to Asia Minor too late in the season to 
thoroughly investigate the question of possible host plants of this 
insect but their discovery might go a long way toward its control. 
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Drosophila sp. are said to be of considerable economic importance in 
California in connection with the causal organisms of souring. They 
were very infrequently met with in the interior of Turkey and therefore 
cannot be considered instrumental in the transmission of souring to 
Smyrna figs. 

Blastophaga psenes L. transmits endosepsis to the Smyrna fig during 
caprification as it does in California. The Kara Yaprak variety shows 
the effects of the disease more readily than the Lob Injur, probably 
because of the thicker flesh and higher moisture and sugar content of 
the latter. 

No effort is being made to control the disease. In fact the growers did 
not know that it was a pathological condition until told last summer. 

Caprification began on June 10th and continued about twenty days 
but three-fourths of the work was over in the first ten days. Very 
little care is taken to insure the requisite number of caprifigs for each 
tree. Five caprifigs are strung on a reed and four or five of these strings 
are tossed into each large tree, not so many in the smaller ones. Each 
tree receives about one-third of the number of caprifigs that we use in 
California. 

Philotrypests caricae L.is a parasite found in caprifigs but not in the 
Smyrna fig. It is reddish brown in color and its body size is about 
the same as Blastophaga. Its extremely long, slender ovipositor is 
carried extended posteriorly and slightly elevated. The male is wingless 
and superficially resembles the male of Blastophaga but examination 
of it under a lens immediately reveals its larger head, shorter abdomen 
and other details that separate it from the former. 

The insect’s life history is similar to that of Blastophaga in that 
there are three broods annually to correspond to the fructification 
cycle of the caprifig. It mates with the male before leaving the caprifig 
but I have not observed the details of its emergence from the seed 
capsule and escape from the fig. After leaving the caprifig it flies to 
another of the subsequent crop and there begins oviposition. As the 
adult female never enters a fig she is not an agent in the pollination 
of the new crop of caprifigs. The process of egg laying has been fully 
and accurately described by Grandi. I have frequently watched the 
female select a place upon the surface of the fruit and insert her ovi- 
positor through the skin and apparently deposit the egg within a gall 
flower. How she determines the position of a short styled flower is not 
clear. I have not checked on this phase of it to assure myself that she 
invariably does so. She can often be seen to withdraw the ovipositor 
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almost at once with apparently no egg deposition and then immediately 
reinsert it very close to the former puncture without seeking for a new 
locality elsewhere on the fig. This might imply that she had been 
unable to reach a favorable spot the first time. It is possible that 
Philotrypesis might simply deposit its egg amid the pedicels of the 
flowers and that the young larva forces its entrance to a suitable floral 
part after hatching. 

The first record found of this insect in the United States appeared in 
an article by Dr. L. O. Howard in 1900. In speaking about a recent 
importation of caprifigs into Fresno he says that there “‘were quite a 
number of specimens of Philotrypesis caricae, a parasite of the Blasto- 
phaga. Mr. Roeding readily distinguished between the female Blasto- 
phagas and this parasite, and destroyed all the parasites noticed.”’ 
More recently Mr. I. J. Condit briefly recalled this incident to mind in 
1919. Both of these writers spoke of Philotrypesis as a parasite of 
Blastophaga. 

I am not convinced that this is the case. It seems that a reasonable 
doubt exists which is expressed by Grandi in his monograph on the 
genus when he suggests that the insect may be either a parasite of 
Blastophaga or a co-inquline with it. I have listed five reasons below 
which express the basis of my doubt in this matter. 

1. Egg-laying takes place at the same time that Blastophaga is 
entering the caprifigs and ovipositing therein. It does not follow 
Blastophaga as one would expect a parasite to do, though this in itself 
is not proof against parasitism. 

2. The process of projecting the ovipositor through a caprifig and 
locating a gall flower containing the egg of Blastophaga, is entirely 
possible but is, I think, not proved to be true. I think it more reason- 
able to suppose that she is content in finding the short-styled flower 
itself. 

3. Blastophaga in general deposits her eggs in gall flowers that more 
closely approach the cavity of the fig. Philotrypesis reverses this in 
that the majority of the off-spring appeared to me to be found in the 
flowers pressed closer to the flesh. Exceptions to this frequently were 
met with. 


4. The life history being the same as Blastophaga in elapsed time the 
supposed parasite, Philotrypesis, must be assumed to commence its 
development sufficiently early to reach maturity and emerge with 
adult Blastophaga. To do this it must either develop with extreme 
rapidity and destroy the almost grown host or else it must consume a 
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partly grown larva if its own larval stage is prolonged. The first case 
does not occur I believe for I can find no chitinous or cuticular remains of 
another insect in the Philotrypesis gall. 

5. My last reason is that usually a parasite attacks a host sufficiently 
large to supply more than just enough nutriment to bring the former 
to maturity. On this account the alternative given in the paragraph 
next above cannot be true for a partly grown larva of Blastophaga 
could not have sufficient bulk to mature Philotrypesis. I doubt if the 
adult itself could do so for the two species are quite alike in size. 

While the matter of the true host of Philotrypesis is of interest to us 
as entomologists and these observations have been given simply with 
that point of view in mind, we might well conclude however that this 
insect is of economic importance as a parasite whether it later be found 
attacking Blastophaga or the caprifig. I have dissected it from the seed 
capsule so often that there is no question of its location in the larval 
stage. Its importance hangs upon whether it parasitizes Blastophaga 
and thus reduces their numbers or whether it pre-occupies gall flowers 
that might otherwise be available to Blastophaga. If it does neither of 
these things perhaps it might even be considered of no economic value. 
Until more facts are available it would be advisable to make every 
effort to keep it out of the United States and it should most emphatically 
be considered as a parasite of one of the two possible hosts, mentioned 
above. If it is proved later to be innocuous even then it should con- 
tinue to be classed as an undesirable alien. 

Messor, Crematogaster. Two undetermined ants of the genera Messor 
and Crematogaster should be mentioned. Both freely enter figs as they 
are ripening and their visits may have some economic significance. 
This is especially true of Crematogaster as it is constantly found sur- 
rounding the scale Coccus hesperidum L. and apparently feeding upon 
the sticky exudate. This species according to Essig “‘produces great 
quantities of honeydew and is responsible for much smutting of the 
foliage.’’ Crematogaster frequently journeys between the two sources 
of food. Adherent smut spores theoretically could easily be transported 
to the fig. This possibility in California fig orchards was recognized 
by Phillips, Smith and Smith who say “Ants are common, but have 
never been noticed in figs on the tree.”’ 


THE Economic AsPEcT 

The chief damage to the fruit may be divided into two sources. First: 
insects which visit the fruit while it is on the tree. Second: insects that 
attack the fruit while it is drying or in the han after drying. 
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Of those insects visiting the fruit on the tree the principle damage 
done is due to contamination of the latter by microorganisms. One 
possible exception to this is Carpophilus which deposits its ova there also. 

Blastophaga is the carrier of endosepsis while smut and souring are 
thought to be transmitted in part by Carpophilus, Formicomus and 
Crematogaster. If these premises are true then we might be curious as 
to the amount of damage these insects cause as reflected in analyses 
of figs. These figures, were arrived at by the usual sampling and exami- 
nation methods employed by the United States Government. Two 
hundred figs were taken from each lot as the sample. 


EXAMPLES OF ANALYSES OF INDIVIDUAL Lots oF FiGs DELIVERED TO THE HAN IN THE 
INTERIOR OF AsIA MINOR 
Bird Pecks 
Endosepsis Smut Sour Insects Dirt Passable 
2 92% 


93 


11 
22 
11 
17 
29 


0 
0 
0 
0 
0 
1 
2 
7 


— 


63 


The analyses made up to September first showed an average infes- 
tation of endosepsis 6.6%, smut 5.6%, souring 2%. These may be 
considered as analyses of a selected class of fruit, compared to the pro- 
duction as a whole. The factors to be evaluated are these. 1. The 
orchardists contributing these lots of figs belonged to a cooperative 
association, hence prompt deliveries were made. 2. There was less 
opportunity to hold out the best fruit for the probable tonnage of each 
orchard was known and the Cooperative handled all of its member’s 
fruit. 3. The grower knew that his fruit was to be submitted to an- 
alysis. The independent grower had none of these incentives to worry 
him. 

It is interesting to note that in a long series of analyses there was 
found to be a distribution of infestation that varied in severity in 
different localities. The farms of a given area seemed to be infested 
about equally, judging simply by the disease records. This is admittedly 
but a statement of the existing conditions and no recognition of the 
causative factors involved. 


0 3 4 0 | 
0 4 2 0 94 
3 0 0 1 96 
3 2 2 0 93 
2 0 4 0 94 
23 4 0 61 
12 0 1 63 
13 1 0 68 
10 2 3 | 68 
6 1 1 | 
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The other economic factor to be mentioned is the matter of worm 
infestation. What most forcibly comes to the attention when examining 
the above table is the apparent lack of insect infestation in these figs. 
We are accustomed to considering the infestation by lepidopterous 
larvae as the serious part of the problem; perhaps it is after the fruit has 
crossed the Atlantic. The fruit delivered early in the season, perhaps 
the first ten days or two weeks contains a very high percentage of 
Carpophilus larvae as previously mentioned. Past experience has 
shown that as this insect lessens its attack the infestation by Ephestia 
and Plodia increases, hence later in the season the infestation by these 
two is very heavy. The real reason for the apparent light infestation 
lies in the fact that these figs were brought in before the eggs deposited 
upon them had an opportunity to hatch. 


CONTROL MEASURES 


In view of the fact that such a high percentage of the fruit was in- 
fected with smut, souring and endosepsis it was decided to cull severely 
in hopes of bringing the figs within the tolerance limits. To accomplish 
this several men were trained to sample and analyze figs. Sorters, who 
almost invariably are women, were shown the various types of diseased 
fruit and instructed to sort out those kinds. This was a simple process 
for the Turkish peasant in the fig district, especially sorters and orchard- 
ists, generally can tell the condition of a fig at a glance. This proved 
satisfactory and analyses quickly went to 90% or 95% passable. 


This however will not serve to control the larval infestation. Between 
the time the fig drops from the tree and the end of the drying period, 
there is an interval of three or four days. Eggs of Ephestia, being laid 
on the drying figs, do not hatch for at least four or five days after de- 
position. This gave a very brief period for treatment at the han. The 
figs were analyzed for worms and diseases and if found to be free of 
the former the lots were culled immediately until they safely passed the 
tolerance requirements when they were sacked and fumigated. 


The sack used was a good quality burlap or jute bag which, when 
filled, was placed in a parchment paper bag and this was put into another 
jute bag. The labor cost for this additional work was high and it seems 
to me that it is unnecessary. One good, tightly woven bag would prob- 
ably be sufficient. After sewing the sacks they were fumigated to kill 
the eggs of the moths. 


Duplex vacuum fumigators were used with a charge of three and 
one-half pounds of carbon bisulphide per hundred cubic feet. Hydroe 
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cyanic acid gas could have been used more economically perhaps but 
for two reasons. First, the government prohibits its use on such food- 
stuffs. Second, there would be too great a risk of accidents involved in 
its use. The vacuum obtained was 27.5 inches to 28 inches. The fumi- 
gation period was one and one-half hours. After fumigation the figs 
were loaded and shipped the same day when possible. 

In practice the plan worked admirably. The figs culled, fumigated 
and shipped from the interior came within the Federal limits of toler- 
ance. It was found however that the purchase of figs and their treat- 
ment in the city of Smyrna was impracticable. Of the factors involved 
one might mention the mixed condition of the figs so that the wormy 
figs of the orchardist who did not ship promptly, spoiled the lot. Smyrna 
shippers also refused to cull sufficiently and preferred to “‘take a chance” 
on having a twelve or fifteen percent infestation pass at New York. 
After fumigation the figs often were allowed to be in the han overnight 
uncovered and unsacked. 

The fumigators were assembled and shipped under the direction of 
Mr. Harry Stiner who had supervision of the analyses and fumigation 
of figs in Smyrna. When I left he also took over the work in the interior. 
It is a pleasure: too to acknowledge the receipt of considerable infor- 
mation regarding vacuum fumigation methods in California from Mr. 
D. B. Mackie of the California State Department of Agriculture. Dr. 
Harold Morrison of the United States Department of Agriculture kindly 
determined so far as possible the insects submitted to him. Professor 
C. T. Brues identified Philotrypesis caricae and loaned Grandi’s paper 
to me. 
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TIMING FIELD LIBERATIONS OF CRYPTOLAEMUS IN THE 
CONTROL OF THE CITROPHILUS MEALYBUG IN THE IN- 
FESTED CITRUS ORCHARDS OF SOUTHERN CALIFORNIA 


By H. M. ArmitaGe, Deputy Horticultural Commissioner, Los Angeles County, 
California, In Charge of Insectaries 


ABSTRACT 

Forty million Cryptolaemus (a Ladybird beetle, Cryptolaemus montrousiert Muls.) 
are being produced annually in insectaries in Southern California and liberated 
systematically, ten beetles per tree, over the several thousand acres of citrus in that 
area, infested with the citrophilus mealybug (Pseudococcus gahani Green.), in the 
successful control of that pest. In general these beetles are being made available for 
field liberation during the optimum months of April, May, and June, as regards 
their activity. Aside from the direct relation of this period to the normal seasonal 
development of the host mealybug, the selection of these months is based on the 
period of minimum rainfall, daily temperatures above 70° Far. and a sufficient 
similar following period to permit a natural increase in the liberated beetles, through 
one or more generations, to controlling aumbers. 

The citrophilus mealybug (Pseudococcus gahani Green) has definitely 
established itself throughout most of the citrus producing areas of 
Southern California, with the exception of Imperial and San Diego 
Counties, as one of the major insect pests attacking that host. The 
recognized failure, up to the present time, of either fumigants or sprays 
to give satisfactory control, has led to the development during the 
past few years of a practical method of biological control, using an 
introduced ladybird beetle (Cryptolaemus montrouzteri Muls.), commonly 
known as the Cryptolaemus. 

This ladybird beetle, introduced into California in the early ‘‘nineties”’ 
by Albert Koebele, while in the employ of the United States Department 
of Agriculture, is now being propagated on a commercial scale by fifteen 
insectaries operating throughout Southern California. These in- 
sectaries, representing an investment in buildings and equipment 
running well into six figures, are being operated variously by the several 
counties concerned, by citrus co-operative associations, and by indi- 
vidual owners of large citrus holdings. During the 1928 season over 
40,000,000 adult beetles were produced and liberated systematically, 
usually at the rate of ten adults per tree, throughout the recorded in- 
fested acreage. 

It is not the purpose of the writer to discuss here the methods of 
determining the degree of infestation necessary to the proper allocation 
of the beetles as they are made available for field liberation, or of de- 
termining the number of Cryptolaemus required per tree to assure satis- 
factory control of the mealybug, but rather to consider what might be 
termed an optimum period for making field liberations. 
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The operation of those insectaries where the cost of the liberated 
beetles is not a direct charge against the individual receiving them, but 
is absorbed by a co-operative group of growers, or by the local county 
government itself, permits continuous production with repeated liber- 
ations over a long period and precludes the necessity of conforming to a 
definite seasonal liberation period. In the interests of economy, though, 
such a program might advisedly be followed. Where the cost of liber- 
ation, however, is a direct charge against the grower receiving the 
insects, and the charge itself comparable with other pest control costs, 
it is obvious that the time of liberation should conform just as closely as 
possible with a predetermined optimum period of activity on the part 
of the beetles in the field in relation to the host mealy bug. Other- 
wise, the costs involved might not permit a second liberation, should 
the first be inopportunely made. 


Factors INVOLVED IN TIMING LIBERATIONS. While there is still 
room for considerable careful research on this subject, and in fact, such 
is now being conducted along certain lines by A. J]. Basinger at the 
University of California Citrus Experiment Station, Riverside, field and 
laboratory experience over a period of several years has established, 


aside from certain obvious factors, other factors which have a direct 
relation to the definition of such an optimum period of liberation. 
These factors may be stated as follows: 

1. The seasonal field development of the host mealy bug. 

2. The minimum temperatures at which the Cryptolaemus are active 
in the field. 

3. The seasonal period during which such temperatures consistently 
occur daily in the field. 

4. The avoidance of any condition such as heavy rainfall which 
might restrict the continuous activity of the liberated Cryptolaemus. 

5. The occurrence of a sufficient period of time following liberation 
which would permit the natural increase of the liberated Cryptolaemus, 
through one or more succeeding generations. to controlling numbers. 

It is understood, of course, that there are many intermediate ecological 
factors involved in the inter-relations between the host mealy bug and 
the Cryptolaemus, but in the main those stated most directly concern the 
present subject. 

Considering these factors in their order of sequence as stated : 

SEASONAL DEVELOPMENT OF MEALyBUG. The citrophilus mealybug 
normally reaches a seasonal peak in the case of the heavier infestations 
during May or the early part of June. In such cases the progeny of this 
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generation, represented by countless thousands of young, migrating 
upward to the new fruit and foliage from the egg masses deposited 
by the females in heavy clusters on the trunk and main limbs of the tree, 
are apt to cause severe injury to the host plant if not checked by July 
Ist at the latest. Lighter infestations, requiring a second generation, 
reach a peak at a correspondingly later date, if at all, that season. 
The sequence of liberations on the various infested properties is there- 
fore based on a predetermined grading as to degree of infestation, the 
more heavily infested properties naturally being covered first, those of 
medium degree next, and then such of those of previously graded light 
degree as a reinspection at the time might indicate to be advisable. 


Pas? 


Jan Feb Mar Apr May Jum Jul Aug Sep Oct Nov Dec 
Fic. 42—Monthly Mean-Maximum Temperatures. Los Angeles—50 Yr. Avg. 


TEMPERATURES AFFECTING CRYPTOLAEMUS Activity. Laboratory 
experience in the production of Cryptolaemus has established 70° Far. 
as the minimum temperature at which Cryptolaemus may be active— 
both from the standpoint of feeding and from that of reproduction—as 
demanded by satisfactory field control. In the laboratory, 80° Far. has 
been established as the optimum temperature for successful production 
work. It is reasonable to assume, therefore, that the seasonal limits 
within which the daily temperatures consistently reach 70° Far.Yor 
better, would define the period of satisfactory field activity on the part 
of liberated Cryptolaemus. While, naturally, the occurrence of this 
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period may vary widely throughout successive years, the fact that pro- 
duction needs must be determined from four to five months in advance 
of actual field liberations requires that the average occurrence of this 
period be considered. 

A study of Fig. 42 which shows the monthly mean maximum temper- 
atures based on a fifty year average compiled by the Los Angeles Station 
of the U. S. Weather Bureau, which temperatures are relatively com- 
parable with the temperatures in the area concerned, will define this 
optimum period of Cryptolaemus field activity as lying between April 
15th and December Ist. 
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Fic. 43—Monthly Average Rainfall. Los Angeles—50 Year Average. 


Heavy RatnraLtt Avorpep. Aside from protracted, cool, damp 


weather occasioned by a continuous period of high fogs, not an un- 
common occurrence during the Spring months, and one which materially 
retards the activity of the Cryptolaemus, the occurrence of heavy rain- 
fall is an important factor in restricting the rapid increase of the liberated 
Cryptolaemus to controlling numbers. Fig. 43 shows the average rain- 
fall by months as recorded by the Los Angeles Station of the U. S. 
Weather Bureau over a period of fifty years, which figures are again 
comparable with those of the area concerned. This chart shows a 
desirable period of decreasing and minimum rainfall which coincides to 
all practical purposes with that of optimum temperatures. 
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Recent observations by the writer indicate that relative humidity 
may play an important part in restricting or accelerating the activity of 
the Cryptolaemus in the field where all other conditions appear favor- 
able. While it would prove an unstable factor as far as planning a 
liberation program is concerned, still its evident relation to the work 
makes it worth serious investigation later. 

LENGTH OF CoNTROL PERIOD REQguiIRED. Field experience covering 
several years has demonstrated that the increase to controlling numbers, 
from the ten adult beetles per tree now being liberated, materializes in 
the progeny of the first generation adults, which in the early spring 
months requires a maximum of ninety days while during mid-summer 
and early fall sixty days may be sufficient. It is obvious, therefore, that 
in order to secure satisfactory control during a single season, field liber- 
ations must be consumated during such a period that the adults of the 
final liberations shall have a minimum of sixty days in which to carry 
out their control work. 

SumMMARY. Summing up the application of the various factors as 
discussed, it may be reasonably construed that liberations may be 
started April Ist to 15th, when field temperatures, showing a mean- 


maximum of 70° Far. or better, and a decreasing-to-minimum rainfall - 


condition insure the successful continuous activity of the Cryptolaemus, 
and continue until September 15th, following a predetermined sequence 
from “heavy”’ through to “‘light”’ infestations, with every assurance that 
satisfactory control will occur in the majority of cases from a single 
liberation. It probably should be stated here that the laboratory 
production program should be established on such a basis as will permit 
the covering of all possible heavy or medium infestations by May 15th in 
order to prevent serious injury to the host plant by the protracted feed- 
ing of the mealybugs. 

Errect oF OTHER Pest Controt Operations. Unfortunately, 
necessary mechanical control measures for other insect pests in the 
orchard often interfere with the continuous activity of the Cryptolaemus 
to a serious degree. This is particularly true during the general fall 
scale control campaign continuing from July 15th to late fall. It is for 
this reason advisable to time a second lesser peak laboratory production 
which will permit the re-covering of those properties where such treat- 
ments have interfered with the completion of mealybug control by 
the Cryptolaemus. 

Conc.usion. The preceding program of timing field liberations of 
Cryptolaemus in the control of the Citrophilus mealybug has been in 
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operation for six years in Los Angeles County under the supervision of 
the writer, covering a present total of 17,000 acres of infested citrus 
properties with for the most part satisfactory results. The exceptions 
have been the seasons of 1927 and 1928 when unusually protracted cool 
weather during April, May, and even early June, restricted the activity 
of the liberated Cryptolaemus to such an extent while permitting the 
normal development of the mealybug that more or less serious injury 
to the host trees resulted before control was secured. Late season 
activity on the part of the Cryptolaemus, however, in both instances 
brought about a control which was satisfactory in relation to the fol- 
lowing season. 


THREE CALIFORNIA AMBROSIA BEETLES 
By R. W. Doane and O. J. GiLLiLanp, Stanford University, Calif. 


ABSTRACT 

The habits of the ambrosia beetles differ greatly from those of other members of 
the family Scolytidae. Three species are discussed in this article: Monarthrum 
scutellare Lec. and M. detigerum Lec. infesting oaks and Gnathotrichus sulcatus Lec. 
infesting Douglas fir. Descriptions of the galleries and the ways in which they culti- 
vate and feed on the fungus are given. 


Most of the Scolytidae are of interest to the economic entomologist on 
account of the great amount of damage that they do to living trees. 
Their work is usually confined to the bark or cambium in which they 
burrow and live, and their presence in any considerable numbers usually 
causes the death of the tree. The ambrosia beetles, belonging to the 
same family and resembling in general appearance other members 
of the group, have such very different feeding habits that they have 
always appealed to the ecologist in a very special way. Instead of living 
in the bark or cambium they bore directly through these into the sap- 
wood and deeper, where they feed not on the sapwood but on certain 
fungi which they plant and care for with the utmost vigilance. Not 
only do they differ in their feeding habits from other Scolytidae but they 
guard and care for their young during the whole course of their develop- 
ment in a most remarkable way. 

For several years the senior author has been making observations on 
the three species of these ambrosia beetles that occur commonly on the 
San Francisco peninsula, and these notes will be confined to these 
species although some other species occur here less commonly. In 1917 
Mr. Gilliland presented to our department of entomology as a thesis 
for his master’s degree, a report based on studies he had made on these 
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beetles and as this thesis has never been published we have made use 
in this paper of many of the facts that were observed while making that 
study. The senior author is entirely responsible for the present form of 
this paper. The regions covered in these studies and observations 
include the Santa Clara Valley, the part of the Santa Cruz range which 
lies between this valley and the ocean, and the Del Monte forests at 
Monterey, California. 

The oak ambrosia beetle, Monarthrum scutellare Le Conte, is found in 
dying or badly weakened live oak trees, Quercus agrifolia Nee, through- 
out the region indicated above. It is also found, though much less 
frequently, in the white oak Q. lobata Nee. Diseased parts of living 
trees may be affected, but the insects are never found in limbs where the 
sap flow is normal. Frequently the stumps left after a tree has been 
felled will be infested with these beetles. Under some conditions 
beetles may be found working in these stumps for two years after a tree 
has been cut. As soon as the tree has been cut the beetles begin attack- 
ing all parts of it and in a short time the trunk and limbs are filled with 
their burrows. 

The presence of the insect is indicated by the sawdust-like castings 
on the surface of the bark. When the wood is split the larval galleries 
which penetrate into the sapwood appear very conspicuous. The main 
gallery penetrates the bark and the outer sapwood to the central chamber 
known as the nuptial chamber; from this chamber two to four, usually 
four, secondary galleries branch out. In these secondary galleries the 
niches that are to receive the eggs are made, and when the larvae hatch 
they excavate cells which are at right angles to the secondary galleries 
and parallel to the grain of the wood. 

The entrance holes which are slender tunnels about 1/16 inch in 
diameter and which penetrate the sapwood for a distance of about !'4 
of an inch, and the nuptial chamber which is often nearly 4 of an inch 
wide at the inner end, are made entirely by the male. It takes a male 
from six to ten hours to bore through the outer bark if that is rather 
heavy, and it may take three or four weeks more to excavate the main 
gallery and the nuptial chamber in the sapwood. The secondary galleries 
leading from the nuptial chambers are made principally by the female, 
but the male may also assist in boring these. 

Only one pair of beetles is found in a completed system of borings. 
Copulation takes place in the nuptial chamber as soon as the female has 
made the secondary galleries long enough to admit of her entrance into 
these galleries. During the process of her work the female will come to 
the entrance of the secondary gallery several times and will be met 
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by the male and copulation will again take place. The male spends 
most of his time at the outside entrance of the tunnel but will make 
occasional visits to the nuptial chamber. 

The length of the secondary galleries varies from two to six inches. 
The female begins making the egg niches along the sides of the secondary 
galleries soon after they are started and she may continue lengthening 
the galleries and laying the eggs for a period of two to four months. The 
egg niches are usually placed on alternate sides of the burrows but they 
may also be placed opposite each other. 

The eggs are slightly ovate with the outer ends evenly rounded. 
They are .979 mm. in length and .597 mm. through their greatest diam- 
eter. When first deposited they are creamy white but they soon turn 
to a dirty whitish color. The glutinous material which at first covers 
the egg dries quickly upon exposure to the air. The thin eggshell is 
without surface markings and is very delicate. A single female may lay 
as many as SO eggs in these secondary galleries. The average number of 
eggs in the burrows where they were counted being 51. 

There are two periods of egg-laying, one beginning in March, and the 
other in October. We thus have two generations of beetles each year. 
The eggs hatch in from ten to twelve days. As soon as the eggs hatch 
the larvae begin the excavation of their larval cells. These cells are 
parallel to each other and are often separated by thin partitions of wood. 
During the construction of the cell the larvae will at various times 
push the small particles of sawdust and pellets of excrement out of the 
mouth of its cell. This accumulation is transferred by the female from 
the secondary galleries to the entrance tunnel and is then pushed to the 
outside by the male. 

The spring generation of larvae are often most abundant during 
April and May, and the fall generation are most common in December 
and January. The larvae require from six to eight weeks to mature. 
When they are full grown they are about 3 mm. in length and almost 1 
mm. in diameter. The body is soft and whitish in color. The head is 
polished and white, at least during the early stages of its development. 
The mandibles and other mouthparts are chestnut brown. 

The pupae remain in the larval cells with their heads towards the 
secondary gallery from eight to twelve days before transforming to 
the adult beetles. The pupae are creamy white, cylindrical, and about 
3.7 mm. in length. When disturbed they move their abdomens rapidly. 

In the adult stage the two sexes differ greatly in appearance. Indeed 
they have been described as belonging to diiferent genera. The female 
is readily distinguished by the tuft of long hairs on the margins of the 
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antennal club, a well developed epistomal process bifid at the apex, and 
a plano-convex declivity. The male lacks the long hairs on the antennal 
club and has a broad epistomal process and a convex declivity. The 
head of the male is somewhat convex, finely rugose, without emarginate 
hairs, coarsely punctured, and near the posterior end is more or less 
opaque, while the head of the female is convex and is bordered by small 
hairs. In both sexes the elytra are brownish at the base and blacker 
toward the tip; the antennae are yellowish, the funicle is 2-jointed 
and the large compressed club has two deep, straight, transverse sutures. 

In 1868 Le Conte described a beetle which he supposed to be a female, 
as Cryphalus cavus. In 1869 he described another form which he 
supposed to be a male, and called it Corthylus scutellaris. In 1876 in his 
“Rhynchophora of America’ he combines these two under the name 
Monarthrum scutellare, but he did not recognize the fact that the form 
that he had described as a female was a male and the one he had de- 
scribed as a male was a female. 

The minor oak Ambrosia beetle, Monarthrum dentigerum Lec., is 
very commonly found associated with the preceding species but our 
studies indicate that it is not quite as widely distributed. From 20% to 
30% of the oak trees examined were infested with both species but in no 
instance did we find M. dentigerum without M. scutellare. M. dentigerum 
is considerably smaller than M. scutellare and the galleries that they 
make in the wood can be readily distinguished from the latter species 
because of their smaller diameter. 

After penetrating the wood to a depth of four or five inches the 
secondary galleries twist and run up and down the sapwood for a distance 
of three or four inches. These secondary galleries are constructed 
mostly on a horizontal plane and run more or less concentric to the bark. 
The life history and habits of this species are very similar to those of M. 
scutellare. 

We have been able to make a number of observations on the feeding 
habits of these beetles and their larvae. Under normal conditions there 
is always a supply of fungus growing in the secondary galleries. The 
conidia of this fungus, probably a species of Monzilia, is usually present 
in the dorsal pores and on the ventral thoracic hairs of the beetles so 
that they doubtless distribute them wherever they are boring. Under 
the conditions found in the sapwood at the time that the beetles are 
there the fungus develops very rapidly. Cultures upon alfalfa agar 
media develop rapidly from conidia, the mycelium usually becoming 
visible within two or three days. One or two days later the conidiaphores 
begin to grow from the prostrate mycelium and these bear branching 
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hyphae which form terminally, continuous chains of conidia. As the — 
adults move about in the galleries these conidia are collected on the dorsal 
and ventral sides of the body. 

During the time that the egg niches are being made by the female, she 
will travel to and from the nearest fungus bed and it is thought that 
she secures some of the fungus and plants it among the fine sawdust 
with which she covers and packs the eggs in the niches. Thus the supply 
of fungus will be ready for the young larva when it hatches. By the 
time the larva hatches there is a little fungus garden with ripe conidia 
at the end of the burrow nearest the secondary gallery. The larva soon 
begins to feed and under normal conditions will keep the fungus closely 
cropped. After the larva has cleaned its cell the female plugs the mouth 
of the cell with a fresh supply of the fungus planted among the particles 
of clean white sawdust. When the larva cleans its cell for the last time 
all of the fungus is removed. 

Soon after emerging from the pupal stage the adults, with their 
heads towards the secondary gallery, begin feeding upon the fungus that 
has propagated on the walls during the pupal period. Within a few 
days they leave their cell in order to turn about and reenter the cell with 
their head away from the secondary gallery. In this position they 
feed on the fungus that has developed in the terminal part of the cell. 
A very minute area of this fungus is kept alive and is continually cropped 
by the beetles until they are ready to leave the galleries. 


Before leaving the pupal cells the beetles fill themselves with the ripe 
conidia and, of course, their bodies are also covered with the spores of 
the fungus and when they begin the excavation of the galleries in a new 
host plant some of the fungus is propagated on the sides of the burrows. 
These patches are scattered along the cells of the secondary galleries 
and are carefully guarded. If they are exposed to daylight the beetles 
will fall to devouring the fungus, evidently eating as much of it as they 
possibly can. Absolute control of the fungus is exhibited by the adults 
throughout their entire life history. Patches are continually cultivated 
throughout the secondary galleries; it is kept from ripening by being 
repeatedly cropped close to the base. In this way the food supply is 
kept continually growing; evidently when the fungus ripens it is useless 
for food. If there is an excess of growth of this fungus so that there is 
danger of choking the galleries and suffocating the inhabitants, the 
beetles cease to crop it for a short time thereby letting it go to seed and 
it is then removed from the galleries. Under normal conditions the 
excess fungus propagated in the secondary galleries is transferred 
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into the egg cells by the female. When this is completed the excess 
conidia are allowed to ripen and the mycelium forms a soluble red or 
yellow pigment which is absorbed in the cell walls of the surrounding 
wood giving the wood a brownish stain which fades somewhat as the wood 
dries but later increases in intensity forming the characteristic black 
stain. When wood that has been infested by the beetles is to be used for 
finishing work or for cabinet purposes, the staining of the wood due to 
this pigment is often more serious than the holes that are made by the 
beetles. The holes may be plugged and covered with several coats of 
shellac, but the black stain can not be so easily covered over unless 
the wood is stained some dark color. 

The Douglas Fir Ambrosia beetles, Gnathotrichus sulcatus Lec. occur 
in great numbers around recently felled Douglas fir, Pseudotsuga taxt- 
folia Britton. The beetles attack the top and then the trunk of the tree, 
and later will also be found in the stumps where they may continue their 
borings for several generations. 

The first evidences of infestation are the small piles of meal-like 
castings that are to be seen in the crevices of the bark. These piles are 
formed into a turret-like structure. The male beetle is usually found 
in this turret and when he is disturbed he immediately disappears with- 
in the main gallery where the female is at work. 

The entrance burrow starts with a cylindrical tunnel which passes 
through the bark and directly into the sapwood where the main gallery 
is formed. These tunnels vary from 1 /20 to 1 /16 of an inch in diameter. 
The secondary galleries, usually 4 in number, are found only in the 
sapwood and vary in length from six to 10 inches. The larval galleries 
extend upward and downward from the secondary galleries parallel 
to the grain of the wood. The males assist the females in the formation 
of the galleries. The entrance tunnel and part of the main gallery is 
constructed by the males, and the females excavate the secondary or 
brood galleries. Copulation takes place in the main and secondary 
galleries. Egg laying occurs immediately after mating. The female 
excavates small egg niches along the sides of the secondary galleries, each 
niche being just large enough to hold an egg which is placed somewhat 
obliquely in its cell. After the egg is laid it is carefully covered with the 
fine sawdust made by the female while excavating the niches. 

The eggs hatch in about 7 or 8 days and the newly hatched larvae 
begin life by devouring the ripe conidia that have been carefully prop- 
agated on the walls of the egg niches by the mother beetle. This fungus 
is planted on the walls nearest to the cell opening but the plug acts as 
the principle garden for the growth of this food material. This plug is 
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composed of the sawdust and the pellets of excrement. They feed 
on this fungus continually and within a few days they begin to deepen 
the egg niches, enlarging them as is necessary to accommodate their 
growth. When fully grown the larvae turn about and rest with their 
heads toward the secondary gallery. In this position they pupate. 
The plug that closes the pupal chamber is made up of sawdust which 
contains no mycelium of the fungus. ~ 

The fungus found associated with this beetle is a species of blue stain 
fungus, Ceratostomella. Two distinct forms, the conidial and the per- 
ithecial stages were observed in the galleries. The conidia appear 
during the excavation of the galleries as erect or slanting hyphae which 
branch alternately from the mycelium. Along the larval galleries 
the conidiaphores are kept very short by the continued cropping of the 
larvae. In galleries accidentally vacated by the beetles the conidi- 
aphores grow in length and the conidia ripen and fall to the base. The 
conidia vary in form; they are colorless and thin-walled. After the beetles 
have left their galleries the conidial stage is replaced by the definite 
black perithecium which is flask-shaped and considerably smaller at 
the base. The wood is stained by this and later stages of the fungus. 

As this fungus develops much more rapidly than the fungus that is 
associated with the oak Ambrosia beetles, there is more danger of this 
Douglas fir Ambrosia beetle becoming suffocated by the over-pro- 
duction of this food fungus, and the beetles exhibit very great care in 
cultivating and reaping their food. 

If the bark is removed from the trees soon after they are felled the 
wood will not be attacked by these beetles, and this seems to be the best 
control measure that can be recommended. It is said that anything 
which effectually plugs the entrance to the galleries will exterminate 
the beetles; but a series of experiments in which the holes were plugged 
up with wooden pegs or small wire nails, showed that the beetles soon 
found their way to the surface by continuing the secondary gallery 
until it reached the surface or by changing the main gallery-so as to 
avoid the plug. Wood that is treated with creosote will not be attacked 
by these beetles and any beetles that may be already in the wood will 
be killed. 


| 
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PRELIMINARY REPORT ON THE INVESTIGATIONS OF THE 
SOURCE OF DIASTASE IN HONEY 


By Georce H. VANSELL, Associate in Entomology and STANLEY B. FREEBORN, 
Associate Entomologist, University of Calif., Agr. Exp. Station, Davis, Calif. 
ABSTRACT 

American honeys have been condemned as overheated on the European market 
because they were lacking in diastatic activity. 

Certain comb honeys that could not have been heated are found to be too low in 
diastase to pass the official German test. 

There is a perfect correlation between the amount of pollen in the honey and its 
diastatic activity but experiments thus far have failed to produce as high diastatic 
values with artificial pollen cultures as with normal honeys. 

Field evidence is introduced to show why certain honeys are low in pollen and 
diastase. 

Suggestion is made that the pollen count be used as an adjunct to the official 
diastase test. 
Recent condemnations of American honeys by foreign importers on 
the basis that they were low in diastatic activity has renewed interest 
in the enzymatic content of honey. Diastases (amylases), enzymes 
capable of reducing starches to sugars, are present in varying concen- 
trations in all natural honeys and because their activity is destroyed by 
heat, tests for their reduced activity have been used widely as an indi- 
cation of overheating. 

Inasmuch as certain honeys have been condemned as low in diastatic 
activity that we had every reason to believe had not been overheated 
either deliberately or unconsciously a group of comb honeys that, of 
course, could not possibly have been heated were tested for diastase 
content. The results obtained demonstrated that natural comb honeys 
varied from samples that were so lacking in diastase that they would be 
classed as overheated by the official German test to samples that would 
pass this same test with highest honors. 

These findings inspired the problem of attempting to determine the 
source of diastase in honey. 

Kustenmacher believed that he proved the diastase to be of animal 
origin when he failed to find diastase in a pollen infusion. 

Kammann, however, detected definite diastatic activity in rye 
pollen. In the face of this discrepancy Gothe tested the pollen of several 
different plants and contrasted their diastatic activity with that of 
crushed bees. His results showed a high reaction for the crushed bees 
and relatively poor ones for the different pollens tested from which le 
drew the conclusion that the source of diastase was from physiological 
activity within the bees. 
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Pavlovsky and Zarin reported the presence of a diastase in the alimen- 
tary canal of the bee. 

In 1924 Phillips attacked the problem from a different angle by 
assuming that if diastase was a physiological product of the bee, that 
these insects could utilize soluble starch as a source of sugar. His bees 
fed starch in the absence of sugar starved to death as quickly as when 
restricted to distilled water, indicating the absence of any starch split- 
ting enzyme in their alimentary system. 

To substantiate this experiment the writers first crushed whole 
worker bees in distilled water and treated the extraction in the same 
manner outlined for testing honey by Vansell and found an appreciable 
diastase content. By crushing and extracting the heads, thoraces, and 
abdomens separately, it was found that the diastase was localized in the 
abdomen. Several worker bees were then dissected and the following 
parts extracted and tested; post-cerebral, pharyngeal, thoracic, and 
mandibular glands; a combination of esophagus, honey-stomach and pro- 
ventriculus, honey-stomach alone, the ventriculus, the hind gut, and 
finally a generous sample of thoracic muscle tissue and the sting ap- 
paratus. All were negative for diastase except the ventriculus and hind 
gut. Dissections from several bees assumed to include both nurses 
and foragers substantiated these results. 

Inasmuch as the positive organs were all observed to hold a con- 
siderable amount of pollen and detritus, several stomachs were flushed 
with a minute stream of distilled water and when tested proved to be 
lacking in diastase. The natural inference from this would be that 
either the diastase as in the food or that the enzyme, if produced in the 
mucosa of the ventriculus, is not active until extruded into the lumen 
of the organ. 

As the assumption that the diastase content is ingested with the food 
seemed much more logical our problem turned to a consideration of 
the food of bees for a possible source of diastase. Pollen was con- 
sidered first. Comb honeys with comparative, quantitative estimates 
of their diastatic content were examined for their contamination with 
pollen. 

A one gram sample of honey was diluted with 5 cc. of distilled water 
thoroughly mixed and centrifuged for five minutes at 2500 r.p.m. and 
decanted to a volume of 1 cc. This sample was thoroughly mixed and an 
average count of the number of pollen grains per cc. made with a hemog- 
cytometer. 


Pollen grains per Cc. 
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The results are shown in Table 1. The correlation between the 
number of pollen grains in a given sample and the activity of its diastase 
is nearly perfect. In addition to these comb honeys, many of the ex- 
tracted honeys that we have tested for diastase were also examined for 


Relation of Pollen Covnt to 


—- Activity of Comb Honeys 
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pollen content and all have fallen in the curve outlined for comb honeys 
except one that had evidently been overheated. In this case the pollen 
count was high and the diastase reaction low. The reverse of this con- 
dition has never been encountered i.e. a high diastase reaction and low 
pollen count. 

This high degree of correlation is so constant that one would be 
tempted to make the empirical statement that pollen is the chief if not 
the only source of diastase in honey were it not for the fact that pure 
pollen extracts will not yield as high diastatic values as similar amounts 
of pollen in honey. We have attempted by different methods of ex- 
traction, by combining pollen with artificial honey (sucrose-dextrose- 
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levulose mixture) and by adding pollen to overheated honey samples in 
which the normal diastase was inactivated to produce an enzymatic 
reaction comparable with a natural honey containing similar amounts of 
pollen but without success. This may yet be accomplished as we have 
worked with but three pollens—date, olive, and mixed fruit and as yet 
our samples are very fresh. No attempts have been made to subject 
an artificial honey-pollen mixture to a procedure similar to the ripening 
process of natural honey where the thin, watery nectar is gradually 
evaporated to the thick consistency of honey, nor have we been able to 
devise a means of testing whether the ingested pollen is altered by its 
passage in the bee’s alimentary canal. In spite of this condition, how- 
ever, the fact remains that for raw honeys the diastase content is in 
direct proportion to the pollen count. 

The conviction that pollen is the important factor in determining the 
diastatic activity is strengthened by the observation that in two of 
the honeys most frequently accused of low diastatic activity, alfalfa 
and orange, we have corroborative field evidence. The navel orange 
which furnishes a large percentage of the nectar for California orange 
honey has no pollen. This honey which is used largely for domestic use 
has so little diastase that none of our samples of it tested from the comb 


would pass the official German test. Its pollen content from flowers 
other than the navel orange amounts to scarcely 3000 per cubic centi- 
meter. The pollen of alfalfa is tightly enclosed in a receptacle that 
successfully resists honey through the activity of the honey bee. We 
have repeatedly seen honey bees visit flowers without “‘tripping’’ the 
pollen receptacle which accounts for the low pollen count in so many 
alfalfa honeys. 


We have all heard the rather extravagant claims concerning the 
dietetic values of honey but not even the most rabid enthusiast has 
emphasized the value of its diastase in the diet. The absurdity of such 
a claim becomes apparent when it is noted that the ptyalin in two 
drops of human saliva is as effective as the diastase in a gram of the most 
potent honey we have yet encountered. The European importers have 
insisted on an unimpaired diastase content, not for its dietary value, 
but as an index of freedom from overheating. In the light of the infor- 
mation that we have at the present time it would seem that some pure, 
unheated honeys must have been condemned as overheated owing to a 
natural absence of diastase which could have been prevented had the 
pollen content, which, if not the cause, is a reliable index to diastatic 
values, been taken as an adjunct to the official test for diastase. 
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DIASTASE IN HONEY 
By Geo. H. VANSELL, Davis, Calif. 


ABSTRACT 

Germany, with whom the United States has enjoyed a large export trade in honey, 
has recently condemned honeys low in diastase as overheated to be sold as low price 
cooking honey. Investigations have shown that many comb honeys are naturally low 
in diastase and that heating injures the diastase present. 


A large export business in honey has been developed with European 
and other foreign countries. Germany in particular has been taking a 
large quantity of our honey, 6,776,246 pounds having entered her ports 
for the season of 1927-28. The past season brought us a surprise in the 
form of complaints from Germany on account of the low diastase value 
of imported honeys. The diastase activity was used as an index to 
overheating which was supposed to lower the value of the product. 
Many large shipments of honey have been condemned after arrival to 
be sold for cooking honey at a loss to the shipper. 

The exporters immediately called for information concerning diastase 
in honey. In the past very little honey investigation, outside of sugar 
analyses, has been undertaken in this country. The present difficulty, 
however, is stimulating numerous investigations on American honeys. 

A quantitative method for measuring the diastatic activity of honey 
has been devised in which the pH value and other variable factors are 
under control. By this method the results obtained with honeys differ- 
ing in acid content are directly comparable. The detail of procedure is 
described in the American Bee Journal for June, 1929. Only a brief 
outline can be given here. The proteins are quickly precipitated out 
with alcohol from one gram of honey. This sugar free precipitate, after 
drying, is diluted with distilled water and the mixture acidulated with 
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acetic acid to a pH of 4.4. One-half cc. of a soluble starch solution is 
then added and incubation effected at 97°F. The measure of activity is 
the time required to convert the starch into sugar. 

It has been found that the diastase content of raw honeys varies 
widely. Some fine comb honeys have but little of this enzyme. Com- 
parative figures, representing the minutes required for starch hydrolysis 
are shown in Table. 1 
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Fic. 44—Diastase Activity from Heated Star Thistle Honey. 


Extracted honey is commonly warmed by dealers to facilitate bottling 
for the retail trade. Heating also retards granulation. It is now evident 
that the application of excessive heat quickly kills the power of diastase 
to hydrolize starch. Three honeys have been exposed to heating for a 
period of 24 hours at temperatures from 70 to 212°F. Two honeys of 
high and one of low diastase activity were selected for these tests. The 
results of heating are shown in graphic form. The use of excessive heat 
in the bottling of honey is to be discouraged. 
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Fic. 45—Diastase Activity from Heated Black Locust Honey. 
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Fic. 46—Diastase Activity from Heated Alfalfa Honey. 


STUDIES ON SPRAY TANK AGITATION IN THE USE 
OF OIL SPRAYS 


By Ravpu H. Smitu,' Associate Entomologist, University of California, Citrus 
Experiment Station 
ABSTRACT 

Tests made of 18 orchard sprayers with tanks ranging in capacity from 200 to 465 
gallons, with agitator paddles of various kinds and sizes ranging in number from 
three to five per tank, and with agitator speeds ranging from 60 to 300 r.p.m., 
indicated that the speed of the agitator is the most important factor in efficient 
agitation in the use of oil sprays. With the average tank and agitator equipment a 
speed of approximately 225 r.p.m. was found to be sufficient to maintain a uniform 
mixture of pure oil and water in the tank. Taking into consideration the fact that 
the so-called quick-breaking emulsions commonly contain much unemulsified oil, 
that the oil in the dilute spray quickly rises to the surface if the agitation is inter- 
rupted, and that stable emulsions, including miscible oils, tend to break when used 
with hard water, an agitator speed of approximately 225 r.p.m. is believed to be 


'The author wishes to acknowledge his indebtedness to Mr. J. P. La Due who as 
laboratory assistant has worked diligently in carrying out with accuracy a vast 
amount of routine work in connection with this study. 
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advisable for tanks in which oil sprays are used. Tables are given showing the effect 
of emulsifiers, size and number of paddles and agitator speed on the uniformity of 
the mixture of the oil and water. An improved method is given for determining the 
oil strength of sprays. 
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The oil emulsions used in summer spraying commonly contain much 
free oil due to imperfect emulsification and to the oil separating in the 
containers during hot weather. When the emulsions, even though 
they be in good condition, are diluted with water the oil in some cases 
quickly separates to a layer at the surface of the water. The history of 
oil spraying presents many instances of injury caused by nearly pure oil 
being applied with the last spray from the tank. The present investi- 
gation was stimulated partially by these facts and partially by the desire 
to secure information on the practicability of using oil sprays in which 
the oil and water would be mixed directly in the spray tank, eliminating 
altogether the necessity of concentrated emulsions. Limited studies 
were made of eighteen spray rigs comprising Bean, Hardie, and Deming 
sprayers, with tanks ranging in capacity from 200 to 465 gallons. Two 
types of tanks were represented, the ordinary “‘half-round’”’ tank and 
the type having the bottom distinctly flattened. The propeller type of 
paddle bearing three blades, as used in the Bean sprayer, and the com- 
moner type consisting of two blades, were observed. The agitator 
speeds ranged from 60 to 220 r.p.m. in the case of the commercial spray- 
ers, but speeds up to 300 r.p.m. were used with an experimental tank. 


METHODS AND TECHNIQUE 

The emulsions were dyed with Oil Soluble Red, the dye being stirred 
in the emulsion slightly diluted with water, in order to observe the 
character of the dilute spray in the tank. The pure oils used in the study 
were also dyed. Samples of spray were taken from the spray nozzle in 
eight-ounce bottles, with the mixture at different levels in the tank 
during the emptying of the tank. The method described by Griffin and 
Richardson? for determining the percentage of oil in sprays was found 
unsatisfactory because in certain of the mixtures the oil rose to the top 
of the water so rapidly that uniform samples could not be drawn into the 
pipette. Furthermore, accurately measured quantities could not be 
obtained with a pipette because of the variable amount of air bubbles 
in the mixtures after shaking. The adherence of the oil to the pipette 
also tended toward inaccuracies. 

The bottles were filled to approximately five ounces when the samples 
were taken. Directions covering the technique in the laboratory are as 


°Griffin, Edward L. and Richardson, Charles H., A field method for determining 
the oil strength of sprays. Jour. Econ. ENToMoLoGy 19:522-525. 
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follows: Stopper the bottle with a cork having a small tube through the 
middle. Place the fore-finger over the end of the tube and shake vigor- 
ously until the oil is dislodged from the walls and evenly mixed with the 
water. While continuing the shaking, with the bottle upside down, 
lift the finger and jet 20 c.c. of the mixture in a test tube of 25 c.c. 
capacity, with pouring lip, graduated to 20 c.c. Set aside for a few 
minutes while the air bubbles rise to the top and add more mixture to 
bring to the graduation, allowing for the probable amount of oil in the 
supernatant emulsifier if it contains air bubbles. Pour the mixture into 
an 18 gram 8% Babcock milk test bottle. Fill the test tube with warm 
commercial sulfuric acid, allow to stand for a few minutes and then pour 
the acid in the test bottle. Rinse test tube with hot water. Shake the 
test bottle thoroughly until the emulsifier, if any is present, is broken 
down or dissolved in the acid. Subsequent procedure the same as used 
in the testing of milk. In certain cases the running of duplicate tests 
was found to be desirable. 


GENERAL OBSERVATIONS 


In each case of deficient agitation the fact was noted that the agitation 
was particularly poor when the tank was full and gradually improved 
as the level of the spray was lowered to about the point at which the ends 
of the paddles began to cut through the surface of the mixture. There- 
after the agitation decreased and became particularly poor when the 
level of the spray had reached the agitator shaft. The study in general 
indicates that the uniformity of the spray mixture is influenced in 
varying degrees by the size and shape of the tank, the size, shape, 
number and position of the agitator paddles, the physical composition of 
the emulsions or spray mixtures, the kind and amount of emulsifier, the 
manner of adding the emulsions and by interruptions in the agitation 
which might occur before the tank is emptied, as well as by the speed 
of the agitator. However, the speed of the agitator appears to be the 
most important factor in using sprays which may contain free oil. 
The agitation can be improved by the use of larger paddles and by in- 
creasing the number of paddles but violent agitation is required and that 
is obtained primarily by agitator speed. The size and number of paddles 
seem to relate more especially to the size of the tank rather than to the 
violence of the agitation. With the average spray tank and agitator 
equipment, an agitator speed of 100 r.p.m. is perhaps sufficient to main- 
tain a uniform mixture providing the emulsion is in good condition and 
is added when starting to fill the tank and the agitator is kept running 
continuously until all of the spray has been applied. However, as a 


. 
rq 


932 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 22 


safeguard in the use of emulsions which contain considerable amounts 
of free oil and emulsions which might break when used with hard water, 
and a safeguard in the case of the agitation being interrupted before the 
tank has been emptied, an agitator speed of about 225 r.p.m. is believed 
to be advisable. 


Resutts or Tests ExpeRIMENTAL TANK 

The results of certain tests made with a 200 gallon experimental tank 
are shown herewith to indicate the effect of agitator speed. Two gallons 
of pure kerosene were used with 198 gallons of water. Excepting as 
otherwise noted, the oil was added when starting to fill the tank and the 
agitator run continuously until the tank was emptied. 


Number and Kind Agitator Number of Gallons in Tank when Sample was 


of Paddles Speed Taken and Percentage of Oil in Sample 
200 gal. 150 gal. 100 gal. 50 gal. 10 gal. 
r.p.m. % % % 
Two narrow paddles'...... 100 3 25 25 2 7.5 
Two narrow paddles. ...... 200 5 1.0 1.1 1.4 
Two narrow paddles. ...... 1.0 


Two wide paddles'......... ‘ 
Two wide paddles......... 200 1.0 1.0 1.0 1.0 1.3? 
Two wide paddles......... 


Four narrow paddles.... . . . 


Four wide paddles........ 
Four wide paddles......... 


Two wide paddles, oil added 
when tank was filled to 

175 gal. Agitator then run 

until tank was filled and 

the spray applied........ 200 1.0 1.0 1.0 1.0 1.0 
Two wide paddles, oil added 

when tank was completely 

filled. Agitator run for 

two minutes before taking 

the first sample......... 200 1.0 1.0 1.0 1.0 1.0 

'The narrow paddle consisted of two blades each 6 inches long, 234 inches wide and 
a pitch of 30°. The wide paddles had two blades each 6 inches long, 44% inches wide 
and a pitch of 30°. 

*Occasional irregularities were noted in the percentage of oil in the last sample of 
spray. The taking of duplicate samples indicated that the irregularities were prob- 
ably caused by higher concentrations of oil being momentarily thrown through the 
nozzle incident to the lowering of the pressure. 


9 9 1.1 1.1 1.1 
100 6 6 35 85 145 
200 1.0 1.0 1.0 1.0 1.0 
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The data show that with only two narrow paddles in the 200 gallon 
tank a uniform mixture was maintained by a speed of 300 r.p.m. Four 
narrow paddles at 200 r.p.m. gave a practically uniform mixture. Two 
wide paddles at 100 r.p.m. produced insufficient agitation but at 200 
r.p.m. the mixture was uniform. The last test in the table shows that 
the use of oil emulsions can be made practically foolproof as concerns the 
uniformity of the mixture of the oil and water in the tank. A uniform 
mixture was obtained with pouring the oil on the surface of the water 
when the tank was full and agitating for two minutes with two wide 
paddles at a speed of 200 r.p.m. 

The results of certain tests with oils of 80 seconds viscosity used with 
caseinate spreader, and tests with certain widely used proprietary 
emulsions are given in the following table. In each test the spray con- 
tained one per cent of actual oil but owing to difficulties presented 
by the emulsifiers the determinations did not show an average of one 


Number of Gallons in Tank when Sample 
Viscosity _ was Taken and Percentage of Oil 
of Oil in Sample 
Two Narrow Paddles : 150 100 50 Last 
at 150 r.p.m. % % % % 
No emulsifier 
Caseinate spreader 
14 lb.-100 gal. ‘ 1.2 
Caseinate spreader 
1 lb.—100 gal. 9% 1.0 
Caseinate spreader 
2 lb.-100 gal. 8 § 9 
Proprietary emulsions 
52” No. 1 1.0 1.0 
108” No. 9 1.0 1.0 


50” No. 95 1.0 1.0 
70" No. 1.0 1.0 


2.2 


per cent of oil. The fact will be noted that the uniformity of the mixture 
was greatly improved by adding caseinate spreader (calcium caseinate) 
at the rate of 4 Ib. to 100 gallons. Only slight further improvément 
resulted from using the spreader at the rates of one and two pounds to 
100 gallons. The proprietary emulsions showed very uniform mixtures 
excepting in the case of emulsion No. 3 in which the mixture was about 
the same as that with the pure oil, water and caseinate spreader at 1 lb. 
to 100 gallons. Neither viscosity nor specific gravity, within the range 
of the oils tested, appeared to measurably affect the uniformity of the 
mixture. jg 
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CONCLUSIONS 


The study indicates that more efficient agitation than is provided 
by the average spray tank is needed in the use of oil sprays. Pending a 
more thorough investigation of the subject the writer has made the ten- 
tative recommendation that wide paddles previously described be placed 
approximately twelve inches apart on the agitator shaft and six inches 
from the ends of the tank, and the agitator speed be about 225 r.p.m. 
This equipment has produced a uniform mixture in 400 gallon tanks in 
tests in which pure oil was poured on the surface of the water in the filled 
tank and the agitator run for two minutes before starting to spray. 


DUSTING FOR CODLING MOTH CONTROL IN THE 
WILLAMETTE VALLEY, OREGON, 1927-1928 


By B. G. Tuompson, Asst. Entomologist, Oregon Experiment Station 


ABSTRACT 

Two year’s experimental work at the Oaco orchards, Monroe, Oregon, show that 
in this locality lead arsenate dust and calcium arsenate dust, when applied under 
favorable conditions, are effective in controlling codling moth. As these results are 
more favorable than results obtained elsewhere in the northwest by other workers, 
local conditions may have an important influence on them. 

For the past two years the Entomology department of the Oregon 
Experiment Station has been carrying on codling moth control tests 
cooperating with the Oaco orchards, B. W. Johnson, Manager at 
Monroe, Oregon. In these tests calcium arsenate and lead arsenate 
were applied in dust form. The results were checked against plots 
sprayed with liquid lead arsenate and liquid calcium arsenate. 

The Oaco orchard is located in the foothills of the coast range. Parts 
of the orchard are quite steep, making spraying with liquid sprays very 
difficult. Water for the later sprays must be hauled for considerable 
distance. Because of these facts, the management has been dusting 
portions of the orchard for several years with apparently good results 
as far as codling moth control is concerned. 

THe tests the past two seasons have demonstrated that at Monroe 
dust is effective for codling moth control. As these results are much 
more favorable than those obtained elsewhere in the northwest, local 
conditions may have an important influence on them, and the fact 
that the dust is applied at night and only when weather conditions are 
favorable may also account in part for the good results obtained. 

METHODs OF APPLICATION. The dust was applied with a Niagara 
power duster during the night or early morning. Two men and a team 
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operated the duster. Operations usually started about midnight and 
lasted until sun-up, occasionally longer, depending on weather con- 
ditions. Some nights dusting was not possible due to wind. On one 
night very favorable conditions prevailed and dusting continued for 15 
hours. In this period 95 acres were dusted. No attempt was made to 
dust when conditions were not favorable. 

The liquid spray was applied with a large Bean sprayer. Four men, 
two teams and a water supply wagon were required to keep the sprayer 
going. About one acre per hour was covered with this outfit. A pressure 
of 300 to 350 pounds was maintained. Spray guns were used, the disc 
opening being of such a size as to deliver about 7 gallons of spray solution 
per minute. 

BRANDs oF INsEcTiIcIDES. The calcium arsenate used in these tests 
was a special mixture containing tri-calcium arsenate not less than 
13.3%, arsenic (as metallic) not less than 4.94% and arsenic (as metallic) 
in water soluble form not over .5%. 

The lead arsenate used was a dust containing lead arsenate not less 
than 15%, arsenic (as metallic) not less than 2.92%, arsenic (as metallic) 
in water soluble forms not over .5%. 

1927 Resutts. During 1927 the same number of applications were 
made in both the dust and liquid sprays. These consisted of a calyx 
and three cover sprays. The calyx spray was applied May 9 and the 
cover sprays on June 9, July 10 and August 14. Six trees were used in 
each test, 3 of Ortleys and 3 of Newtowns. The apples were examined 
for worms and stings at picking time. 

Results are shown in Table 1. 


TABLE 1 
No. No. Apples 
of clean of wormy with Percent Percent Percent 
Material Used apples apples stings wormy clean _ stings 


Lead arsenate 
liquid 21b.—100 gal 155 3A 88.3 8.3 


Calcium arsenate 

liquid 2lb.-100 gal 3.3 93.8 2.9 
Lead arsenate 

dust 80-15 mixture 5.7 84.9 9.4 
Calcium arsenate 

dust 86.7-13.3 mixture... . 7.2 92.4 A 
Unsprayed check 138 87.6 7.9 4.5 

1928 Resutts. In 1928 the calyx and three cover sprays were applied 
in the liquid sprays. The calyx spray was applied May §8, the first cover 
spray June 6, the second cover spray June 28, and the third cover spray 


August 2. 


- 

coke 


936 JOURNAL OF ECONOMIC ENTOMOLOGY [Vol. 22 


The calyx and four cover sprays were applied in dust form. The dust 
was applied as follows: Calyx, May 11 to 14, first cover, June 8 to 9, 
second cover, June 28 to 29, third cover, July 18 to 20, and fourth cover, 
August 10 to 12. 

Results of tests shown in Table 2. 


TABLE 2 
No. 
No. No. of apples Percent Percent Percent 
of cleanofwormy with wormy clean stings 
Material Used apples apples stings 


Lead arsenate 

Liquid 2 Ib.-100gal...... 5531 117 364 
Calcium arsenate 

liquid 2 Ib.-100 gal. plus 

2 Ib lime 7340 36 174 
Calcium arsenate dust...... 7626 61 74 j OS.: 
Lead arsenate dust. . . 6988 110 168 J 96.2 
Unsprayed check .... 2186 209 67 


Summary. Lead arsenate dust and calcium arsenate dust, when 
applied under favorable conditions, were effective in controlling codling 
moth at the Oaco orchards near Monroe, Oregon. As these results are 
more favorable than results obtained by other workers in other parts 
of the northwest, local conditions may have an important influence on 
them. One calyx and four cover sprays of dust gave better worm control 
than a calyx and three cover sprays of liquid spray. 


THE STRAWBERRY CROWN-MOTH IN OREGON 


By Don C. More, J. Witcox and O. A. HILLs, Oregon Agricultural College 
Experimental Station 


ABSTRACT 
This paper is a report of the studies of the life habits and control of the strawberry 
crown-moth undertaken in a preliminary way during the spring and summer of 1927 
and as a major Purnell project beginning July 1, 1928. The place of oviposition and 
the habits of the newly hatched larva in entering the plant are the most important 
points worked out during the year. 


The strawberry crown-moth, Synanthedon bibionipennis Boisduval, or 
strawberry crown borer, as it is commonly known in Oregon, has long 
been a pest of the strawberry plant in Oregon. The conspicuous ‘‘grub”’ 
or “worm”’ found in the center of the crowns of wilting plants is well 
known to the strawberry grower. He does not always recognize this 
“worm,” however, as the immature stage of the rather inconspicuous 
wasp-like clear-winged moth that may be seen resting on the leaves of 


Piate 28 


1, 53-day old larva within crown, it has entere1 at the base and worked up; 
2, 17-day old larva, cross section of small root showing work; 27-day old 
larva on outside of crown; 4, longitudinal section through damaged 
crown, work above line due to strawberry crown miner, Artstetelia fraga- 
riae Busck; 5, eggs; 6, spines on dorsum of pupa. 
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the plant or flying swiftly about the patch during the warm summer 
months. Nor does he see the very small brown eggs which the female so 
carefully places about the crown of his plants and which hatch and de- 
velop into the “‘worm’”’ so commonly found. 

Next to the strawberry root-weevils (Dyslobus sp. and Brachyrhinus 
sp) the strawberry crown-moth is a major limiting factor in strawberry 
production in Oregon. Formerly a pest only of older plantings, this 
insect of late years has invaded one and two year old plantings with 
consequent reduction in the yield and profit normally to be expected 
from a strawberry planting. Each year a greater number of growers and 
packers and canners are asking for information upon the control of this 
pest. Numerous resolutions and personal requests from growers and 
growers’ cooperative associations for investigational work upon this 
insect have been received during the last two years. 

This organized movement and the public recognition of the serious- 
ness of the strawberry crown-moth in relation to the strawberry industry 
in Oregon, induced the Cregon Agricultural Experiment Station to 
undertake preliminary observations of the life habits of the insect during 
the spring and summer of 1927. On July 1, 1928, a formal investigation 
was started as a Purnell project. 

The project was organized along two lines of activity, i.e., detailed 
life history studies and control tests. The first season’s work was spent 
mainly in studying the details of the life history of the insect and the 
habits of the larva after hatching from the eggs. These detail studies 
were carried on principally by Mr. O. A. Hills in the vicinity of the 
central experiment station at Corvallis. Preliminary experiments were 
conducted for the control of the young larvae by Mr. J. Wilcox in 
conjunction with his control studies upon the strawberry root-weevils. 

The place of oviposition and the habits of the newly hatched larva in 
entering the plant are the most important points worked out during the 
year. The experimental tests for the control of the young larvae were 
unsuccessful. 

An OLp INseEct. This species was first described by Boisduval in 1869 
(4). The type specimen was a male taken in California and was named 
Synanthedon bibionipennis. 

In 1881 the insect was described as Albuna rutilans Henry Edwards 
(3), and until recently this description was thought to be the original. 
Edwards described a female which he collected at Virginia City, Nevada. 

J. J. Rivers, of the University of California was the first to report 
this insect as being of any economic importance. He reports it as a pest 
of raspberry in 1883 (11). It was first reported as a pest of strawberry 
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in 1887 by C. V. Riley (10) at Santa Clara, California, and in 1898, W. G. 
Klee (8) again reports the insect as a pest of strawberries and recom- 
mends flooding as a control. 

In 1888 the insect is reported as attacking blackberries in California 
by J. J. Rivers (12). In 1898 Piper and Doane (9), of Washington, 
published a bulletin on ‘‘Miscellaneous Injurious Insects.’’ The crown- 
moth is treated by them in this bulletin as a major pest of strawberries 
in Washington, and the digging up and destruction of infested plants in 
the spring is recommended as a control. 

In 1900 F. H. Chittenden (2) of the United States Department of 
Agriculture published statements relating to the injury of this insect at 
Santa Clara, California. He recommends flooding as a control based on 
Klee’s observations. 

In Oregon, in 1912, the strawberry crown-moth, according to A. L. 
Lovett (13) ‘“‘occurs in the state nearly everywhere the strawberry is 
grown”’ and in 1921 he again reported it as a serious pest of the straw- 
berry, but apparently not as serious as the strawberry root-weevils, 
Brachyrhinus sp. and the strawberry crown-miner, Aristotelia fragariae 
Busck. 

Larva TUNNELS IN Crown. The injury of the crown-moth, like most 
other lepidopterous insects, is done in the larval stage. The larvae 
enter the crown near its base when they are about 30 days old, and work 
up through the center (Pl. 28, Fig. 4). They may make but a single 
small tunnel up through the center of the crown, or as is more often the 
case, they may reduce the crown to a mere shell filled with frass. Some- 
times in one-year-old plants, the whole crown below ground is re- 
duced to frass. 

Usually only one larva is found in a crown, although not infrequently 
two or three may be found in a single crown. In the multiple crowned 
varieties like the Ettersburg, each crown may contain one or more 
larvae. The writers have found as many as 23 larvae in a single Etters- 


burg plant. 

INDICATIONS OF INJURY. Plants injured by the crown-moth usually 
show the first symptoms as soon as the ground dries out in the early 
summer. At this time the injured plants begin to wilt. The overwinter- 
ing larvae resume their feeding activities about the middle of May, and 
some of the borers continue operations until about the middle of July. 
At any time during this period the wilting of the infested plants may be 
observed whenever they become sufficiently injured to cut down their 
water supply from the soil. Some infested plants may hold up fairly 
well during the summer, but the following season may throw up only 
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very few green leaves. One season’s work of the crown-moth does not 
always injure the plant enough to be readily detected, but two or three 
seasons are usually sufficient to kill the plant. Diagnosis is confirmed 
by the finding of the borer or evidences of its work in the crown of the 
injured plant. 

HUNDREDS OF PLANTS EXAMINED. The life history of this insect was 
studied both in the field and in cages. The field work consisted pri- 
marily of digging up infested plants at regular intervals to note the age 
of the larvae, the date of pupation and emergence of adults. For this 
purpose 147 plants were dug up from May 15, 1928, to July 27, 1928, 
and carefully dissected. The emergence dates were determined both 
by the finding of empty pupal cases and by the presence of the adult in 
the field. The habits and activities of adults also were studied in the 
field as well as in cages. 

After hatching from the egg, the activities of the young larvae were 
studied by digging up a definite number of plants previously infested 
at various intervals during the growing season of the larvae. Three 
hundred eighty-one plants were planted for this purpose and protected 
from outside infestation by a cloth cage 60 ft. x 30 ft. and 6 ft. high. 
The plants were infested with eggs of a known date. The eggs with 
which these plants were infested were obtained from female moths 
reared from hundreds of pupae obtained from a badly infested patch 
early in the spring and brought to Corvallis. These pupae were placed 
in two screen cages 30 inches square. Females were removed and placed 
in test tubes with a strawberry leaf as soon as they had emerged and 
been exposed to a few hours of sunshine. Copulation was observed to 
take piace soon after they had emerged if the weather was bright, and 
egg laying takes place almost at once. 

The females were transferred to a new tube and given a fresh leaf 
each day in order to obtain eggs of known age. These eggs were placed 
on the plants, a representative number being retained in a small vial 
to determine if they were fertile. If the eggs failed to hatch, the plants 
were reinfested. Three days after infestation six plants were dug up 
and carefully dissected every other day through the growing season. 


STAGES AND HABITS 

Tue EcG—Length, 0.52 mm. to 0.54 mm.; average of 10 measurements, 0.53 mm. 
Width, 0.35 mm. to 0.37 mm.; average of 10 measurements, 0.35 mm. Thickness, 
0.25 mm. to 0.28 mm.; average of 10 measurements, 0.27 mm. The egg, from one 
viewpoint, is oval in outline with one end distinctly flattened and slightly concave. 
From the other view, the sides of the egg are distinctly cupped or concave, making a 
difference between the width and thickness of 0.88 mm. to 0.10 mm. Color, brown; 
surface reticulate. 
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The place and manner of egg laying was first observed by Mr. Hills in 1927. The 
eggs are found usually on the dead leaves about the base of the plant or sometimes 
on the crown itself where no dead leaves and debris are present. On one-year plants 
the eggs are sometimes found on the underside of the green leaves. 


Fic. 47.—1, Female; 2, Male; 3, Pupa; 4, Pupal case protruding from cocoon; 
5, Cocoon; 6, Egg, face view; 7, Egg, lateral view; 8, Larva, full grown. 
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The incubation period was found to vary from 11 to 17 days; the average length 
was found to be 14.38 days. 

Tue LarvA—When first hatched, the larva is about 1.5 mm. in length and white 
in color. The full grown larva is about 20 mm. in length. The head is dark brown 
and the thorax and abdomen white, although during the growing season, when the 
larva is actively feeding, the abdomen takes on a pinkish color from the food within. 
The thorax bears three pairs of legs and the third, fourth, fifth, sixth, and tenth 
abdominal segments each bear a pair of pseudo-legs. (Fig. 47, 8). 

On emerging from the egg the tiny larva at once makes its way down the outside 
of the crown under the surface of the soil just under the leaf scales. Often it goes 
clear to the lower end of the crown and feeds about the bases of the small rootlets, 
or it may bore within a small rootlet and feed for a time. More often, however, it is 
found between the smal! roots on the outside of the main crown, or feeding within 
tiny burrows in the outer tissue of the crown. * 

As the larva grows older, it bores deeper into the crown of the plant (PI. 28, Fig. 3) 
and finally, when it is about 30 days old, it enters the crown usually at the bottom 
and bores up through the center of the plant (Pl. 28, Fig. 1). 

The larva works within the crown until about the first of October. At this time it 
spins a flimsy silken overwinter cell within a tightly packed mass of frass, in which it 
remains inactive until the next spring. The larva becomes active again the next spring 
for a short period and then constructs its pupal case. 

THE Cocoon AND Pupa—The cocoon is constructed of frass, fastened together 
with silk (Pig. 47, 5). It is about 20 mm. long, brown in color and so placed that 
the pupa can wiggle out until the head and thorax protudes from the plant. 

The pre-pupal stage, or length of time the larva spends within the cocoon prior to 
pupation, is about 9 days. The average length of time for the pupal stage is about 23 
days; the total length of time required for the moth to emerge after the cocoon is 
completed is, therefore, about 32 days. Just before emergence the pupa forces off 
the circular cap of the cocoon (Fig. 47, 4) and then wiggles itself out of the cocoon 
by means of rows of spines on the caudal margin of the abdominal segments (PI. 28, 
Fig. 6) until only the caudal end of the abdomen remains within the cocoon (Fig. 
47, 4). The moth then emerges from the pypal case, which uusally splits longitudi- 
nally along the back of the thorax and crosswise between the head and thorax. 
Often the head of the pupal case is left clinging only by a small strip on the ventral 
side, or it may be pushed off entirely. The pupal cases may be seen in the field after 
the moths have emerged, protruding from the crowns of the plants. 

The pupa itself is a typical lepidopterous pupa about 12 mm. to 15 mm. in length 
and brown in color (Fig. 47, 3). The head, thorax and abdomen are clearly discer- 
nible, as are the legs, wings, antennae and compound eyes. Along the dorsal aspect of 
the abdomen on the caudal margin of each segment is a row of stiff spines. 

ApuL_t—The adult is a Clear-Winged moth about 12 mm. in length with a wing 
spread of about 20 mm. (Figs. 47, l and 2). The fore wings are nearly opaque, the 
borders are dark bronze to almost black in color, the female being a little lighter than 
the male. Underside of the wings, yellow. Hind wings transparent with dark veins 
and dark fringe. Abdomen black, in the female it is banded with yellow on the second, 
fifth and sixth segments, and sometimes there is a bit of yellow on the unbanded 
segments. In the male the abdomen is black with a prominent yellow band on the 
second and fourth segments. The caudal tuft of the female is brush-like, yellow in 
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color, with a black base. That of the male is fan-shaped, black in color and bordered 
with yellow. The head and antennae are black, palpi and collar yellow, thorax 
black, femora black, tibia black outside, striped with yellow and yellow inside, 
tarsi yellow. 

This species may be separated from species of Aegeria by the basal transparent 
area of the fore wing. In this species it is small and triangular, while in other species 
of the genus, which might be confused with this genus, the area is large; the whole 
base of the wing usually being transparent and bounded only by a narrow dark 
band on each margin of the wing. 

The adults began to emerge about the first of June in 1928, the first 
adult was observed on the wing June 5, and by the middle of July all of 
the adults had emerged. By July 11, 1928, examinations of the plants 
revealed only empty pupal cases, showing that all the moths had 
emerged. 

The moths were active only during bright sunshiny weather; during 
cloudy weather they were seen sitting inactive on the leaves on the 
plants. If the weather is suitable, the moths mate very soon after 
emerging. The eggs are fully developed before the moth emerges, so 
that egg laying begins almost at once after mating. The females are 
capable of laying large numbers of eggs. Dissections of pupae just be- 
fore the emergence of the adults have revealed as high as 429 eggs in 
one pupa. 

The eggs are deposited about the bases of the strawberry plants, most 
commonly on the under side of the old dead leaves. If a female moth is 
observed closely during her egg laying period, she will be noted to fly 
swiftly about the patch for a short time and then alight on the green 
foliage of one of the plants. Upon alighting she at once makes her way 
down under the leaves and usually as close to the crown of the plant as 
she can get. In this position she settles herself c!.se to the edge of a 
dead leaf, and curving her abdomen around the edge of the leaf, so that 
the end of it projects to the underneath surface, she deposits a single egg 
and glues it lightly to the under surface. of the leaf. She will then move 
to some other part of the plant and repeat the operation. After three 
or fcur eggs have been laid she makes her way to the outside and flies to 
another plant. The moths are on the wing until about the middle of 
August. The last moth seen in 1928 was on August 13. 

SuMMARY OF SEASONAL History. The moths were present in 1928 
from the middle of June to the middle of August, and eggs probably 
are laid throughout the entire period. The eggs hatch within 14 days 
after they are deposited. The young larvae make their way to the crown 
of the plant and work down under the ground on the outside of the 
plant. When they become about 30 days old, they begin to bore into 
the center of the crown. 
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The winter is passed as hibernating larvae in over-winter cells and go 
into winter quarters about the first of October. They were first found 
jn over-winter cells on October 5, in 1928. The following spring the larvae 
again become active and feed for a short time. About the last of May in 
1928 some of the larvae began to form their cocoons prior to pupation. 
From then until nearly the middle of July larvae were forming their 
cocoons. The larvae go into winter at all ages so that those which are 
only partially grown must finish their growth the following season before 
they form their cocoons. 

The larvae pupate in about nine days after the cocoons are formed, 
and the moths emerge about 23 days later. The first moth observed in 
1928 was on June 5, the last on August 13. 
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NEW CONTRIBUTIONS TO THE TECHNIQUE OF INSTRU- 
MENTAL INSEMINATION OF QUEENBEES 


By Lioyp R. Watson, Alfred, N. Y. 


The historical search for a workable technique by which to control 
the male parentage of honeybees realized the beginnings of success late 
in the bee-breeding season of 1926,' when a few virgin queenbees were 
found to be laying fertile eggs as the result of instrumental insemination. 
At the close of the bee-breeding season of 1926 when the records were 
footed up it was found that approximately half of the 42 virgin queens 
that had been artificially injected with sperm had received some degree 
of insemination, ranging all the way from apparently perfectly normal 
insemination on one hand to very slight insemination on the other.’ 

During the following season of 1927, 96 virgin queens were injected. 
Slight improvement in the technique, and probably also in experimental 
conditions of the previous season are indicated by the rise of the pro- 
portion of the partly or wholly successful queens from 50 percent to 
65 percent.’ 

In 1928 in the treatment of 67 virgin queens upon which observations 
could be made to ascertain the extent of insemination (Table 1) not a 
single queen failed to receive some appreciable degree of insemination. 
During the season of 1928, 93 virgin queens in all were treated beginning 
on June 22 and ending on October 9. Most of the queens used in these 
experiments were reared in artificial queen-cells, and emerged into 
nursery-cages where they were kept till they were needed. A few 
queens were reared in natural swarming queen-cells which prior to their 
emergence had been distributed to queenless nuclei. Queens emerging 
in nuclei were hunted out on the second or third day, and both 
wings on one side were clipped. At the same time the hive entrances 
were closed with perforated zinc. When queens from individual nursery- 
cages were injected they were also clipped. 

The general plan of procedure used in these studies consisted in 
injecting each queen once after which she was tested for a week or so 
in a nucleus to see if she would begin laying. If she did not lay, she 
received a second treatment after which she was again tested for another 


‘Cale, G. H. 1926. The first successful attempt to control the mating of queen- 
bees. Amer. Bee Jour. 66:533-—534. 

*Watson, Lloyd R. 1927. Controlled mating of queenbees. 1-50 p. illus., Hamil- 
ton, Il. p. 45. 

‘Watson, Lloyd R. 1927. Controlled mating of the honeybee. Transactions lowa 
Hort Soc. 62:331-337. Illus. 
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week. If then she began oviposition she was left alone till her brood 
began to be sealed, but if she did not lay she was injected a third, a 
fourth, or even a fifth time, after waiting a week each time. 

The spermatheca of a virgin queen contains a thin, clear liquid, but 
after copious insemination this liquid appears opaque because of the 
myriads of spermatozoa swimming in it. Copious inseminations literally 
result in the packing of the spermatheca with sperms, and partial 
inseminations are obtained when matings occur under unfavorable 
conditions, or between individuals one or the other or both of which 
are weak. 

It has been found that a positive correlation exists between the degree 
of insemination of a queen and the proportion of fertilized eggs which 
she lays. In the following report the copiousness of the insemination 
of living queens was estimated in terms of the percent of worker-brood 
which she produced. Thus, if 10 percent of the brood of a given queen 
is sealed flat and 90 percent is sealed oval, that queen is estimated to 
have received only 10 percent of the normal amount of insemination. 
This method of estimating the insemination of living queens is not 
offered as a rule which will give accurate results under all conditions, 
and it is being used only temporarily until a better method can be found. 
It fits better the case of queens that have received slight inseminations 
than it does those that have received fairly copious inseminations, say 
50 percent or more. Furthermore, this method comes more nearly to 
the truth during mid-summer operations than it does during the late 
autumn, when most colonies are less tolerant of the presence of drones 
and of drone-brood in the hives. Under autumn conditions this method 
may give too high a reading for the degree of insemination. 


TABLE 1 
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TABLE 1—CONTINUED 


TABLE 1. The record number of each queen treated in 1928 is given in the first column 

The figures in the second column indicate the number of times each queen was 
treated, and the results of the treatments are shown in the third column. 
The letters s.v. after queens number 116 and 129 indicate that these queens were 
injected with mucus-free sperm taken from the seminal vesicles of the drones. 
Queens 159, 160 and 161 were cultured in another apiary, and no record of their 
behavior is available. Queen 167 was found in post-mortem examination to be 
abnormal, and no insemination was possible. Queen 180 was valuable and the 
attempt was made to winter her in a nucleus, but she died before producing any 
brood. After queen 158 the season was so far advanced that the culturing of 
queens was very difficult, and the degree of insemination had to be determined in 
most cases by post-mortem, and not by the proportion of flat sealed brood that 
they produced. 

The designation “‘lost’’ is applied to all queens that for any cause 
disappeared after being injected before a determination could be made 
of insemination. Experimental evidence warrants the belief that many 
of the lost queens had really received positive insemination ranging 
from slight up to normal. It should not be supposed that because an 
artificially injected queen is maltreated by the bees, she has, therefore, 
been not at all, or only partially, inseminated. The records of three 
years show that not a few queens that were maimed or killed by the 
bees during attempted introduction, proved in post-mortem examination 
to have been partially or even copiously inseminated. Better conditions 
of bee pasturage with greater freedom from robbing among the bees, 
more amiable bees, and more frequent inspection of the nuclei would 
certainly reduce the number of queens that are lost before estimation. 

The mean percent of insemination received by each of the four series 
of queens injected once, twice, three times and four times, respectively, 


is presented in the following table. 
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TABLE 2 
N M %insem. 
7.62+1.70 
17.00+4.80 
26.52 +5.49 
35.33 +6.19 


Series injected once 
Series injected twice 
Series injected three times 


TABLE 2.—Shows the mean percent of insemination received by each of the four 
series of queens injected once, twice, three times, and four times, respectively, and 
the number of queens in each series. 


The difference in the mean percent of insemination of series 1 and 2, 
1 and 3, 1 and 4, 2 and 3, 2 and 4, and 3 and 4 have been calculated 
and the results are given in the following table. 


TABLE 3 


3 and 4 


M,+m, 
7.62+1.70 


M,+m, 
7.62+1.70 


M,+m, 


7.62+1.70 


M.+m, 
17.00 +4.80 


M,+m, 
17.00+4.80 


M,+m, 
25.62+5.49 


M,+m, 
17.00 +-4.80 


M,+m, 
25.62+5.49 


M,+m, 
35.33 +6.19 
M,;+m, 
25.62 +5.49 
M,+m, 
35.33 +6.19 


M,+m, 
35.33 +6.19 


9.38+5.09 


M;—M:+ Vv m?,+m?, 


.18.00+5.75 


M, —M,+ V m!, +m*, 
27.71+6.41 


M;—M.+Vm?,+m?, 
8.62+7.29 


M,—M.+ V 
18.33+7.83 


M,—M;+ V m?,+m?*, 


9.7148.27 


1.2 


TABLE 3.—Shows the differences in the mean percent of insemination of each of the 
four series of queens and each other series. 

From Table 3 it is obvious that the means of the percent of insemina- 
tion of any two adjacent series such as 1 and 2, 2 and 3, 3 and 4, or of any 
two alternate series such as 1 and 3, or 2 and 4, respectively, do not 
show any statistically significant differences, but the means of groups 1 
and 4 show a significant difference. Without carrying these calculations 
further it is obvious that mean percent of insemination and the number 
of times the injecting is repeated have a linear relation. The conclusion 
reached from the relationships represented in Table 3 and in Figure 48 is 
that in general repeated injections tend to increase the degree of insemi- 
nation. 
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DIFF 
1 and 2 1.9 
— 
l and 4 | 4.3 
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It is obvious that the four series of queens to which the above bio- 
metrical calculations have been applied do not constitute a case of 
true random sampling in the usual sense. The assignment of the queens 
to the various groups is made by selection on the basis of their having 
promptly begun to lay after the last injection, and none of the queens 
in One group appear in any other group. 


Figure 1 


< 
8 
° 
a. 


1 2 


Number of Times Treated 


Fic. 48.—A graphic representation of the effect of repeated injections upon 
the copiousness of insemination. The straight line was fitted to these 
frequences by use of the formulae:— 

I. 2n+2xm=Zy 
II. =xn+2x*m = 


IMPROVED TECHNIQUE FouND 
The third season of instrumental insemination of queenbees has seen 
no marked change in the method of holding and injecting the queen 
from that used through the first and second seasons. Certain important 
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changes, have, however, been worked out in the method of manipulat- 
ing the drone, and of loading the microsyringe. 


Reference to Figure 49 will aid in recalling that when the drone ejacu- 
lates, the sperm which has been stored in the seminal vesicles, sv, is 


Fic. 49.—Partially conventionalized free-hand drawing of the reproductiveorgans 
of a drone as they appear after induced ejaculation, and the organs have been 
pulled away with the tweezers. mg. accessory mucous glands; t, testicle; vd, 
vas deferens; sv, seminal vesicles; ed, ejaculatory duct, sometimes called the 
seminal cord; bp, bulb of the penis, also sometimes called the seminal pouch. 


Note that the regions of the mucus, muc, and the semen, sem, are clearly 
distinguishable. 


forced down the ejaculatory duct, ed, and is lodged in’ the ventro-distal 
region of the bulb of the penis, bp. The sperm is followed by a flood of 
mucus from the accessory mucous glands, mg, which forms a layer 
above the sperm, and distends the bulb and ejaculatory duct usually 
throughout its whole length. The sperm is creamy yellowish in ap- 


T-- 
vo---- )----v0 
MG 
“Sv 
L-ED 
Muc~... 
BP 
| 
sem--" 
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pearance, and the mucus is pearly white. Sometimes slight mixing of 
the two fluids occurs, but usually they remain quite separate, and can 
be easily distinguished through the walls of the bulb. 

The method first used for filling the syringe consisted in severing the 
ejaculatory duct near its proximal end, and in laying the bulb on the 
index finger of the left hand with its distal end nearly flush with the end 
of the finger. Resting thus on the finger it was carried into the field of 
the binocular microscope, and manipulated so as to cause the point of 
the microsyringe to pierce the wall of the bulb. The backward move- 
ment of the plunger caused the syringe to be filled with the contents of 
the bulb.* Great skill was required to accomplish this task without mix- 
ing the sperm and mucus in the bulb before they could be taken up into 
the syringe. The volume of sperm furnished by a vigorous drone, about 
2 cu. mm., is about the volume which the oviduct of a queenbee can 
hold, and if, in addition to this sperm, any considerable amount of 
mucus is added, the capacity of the queen will be overtaxed with the 
result that she may be injured by distention of the oviduct, or more 
likely, the excess of fluids will ooze past the point of the syringe during 
injection with the certain loss of some of the sperm. 

A description of all the various attempts that have been made to 
overcome these difficulties, and to develop a simpler method of filling 
the microsyringe will not be undertaken here. However, late in the 
season of 1928 a simpler method was hit upon, and its use has proven to 
be much more convenient and rapid than any other scheme hitherto 
tried. All other methods have 
for the present been abandoned 
in its favor. 

If the seminal pouch from a 
vigorous drone that has just 
ejaculated is examined, it will be 
found to be quite turgid, and, as 
has been said above, the semen 


Sen 


Fic. 50.—Seminal pouch from a vigorous 


drone that has just ejaculated. The 
semen, sem, is collected in the region just 
behind the Sacculus compressus, sc, which 
scarcely shows until pressure is applied. 
The remaining space in the pouch is 
filled with mucus, muc. 


will usually be seen to occupy a 
definite restricted area in the 
ventro-distal region of the swol- 
len pouch (Fig. 50). 


If, now, additional pressure is bought to bear upon the pouch by 
gently squeezing it between the thumb and finger of the left hand, 
beginning at the ejaculatory duct and compressing it forward toward 


‘Watson, Lloyd R. 1927. Controlled mating of queenbees. P. 35. 
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the distal end of the penis in the direction indicated by the arrows in 
Figure 51, there isa tendency for a certain region of the pouch to bulge, 
first slightly, and then quite 
sharply. Whether the bulging at 
this particular point is due merely 
to local weakness in the pouch 
wall, or whether the pressure 
serves to evert a hitherto in- ; 
vaginated fold of membrane has ‘Se 
not yet been definitely deter- Fic. 51.—Seminal pouchasit appears when 
— ee ‘ he littl slight pressure is applied in the direction 
mined. owever, as the little indicated by the twoarrows. The Saccu- 
saccule (sc, Fig. 51) formed by the lus compressus moves out and is filled 
with semen. 
pressure comes out, practically 
all of the semen in the pouch follows, and occupies the bulging region. 
At this stage the extreme tip of the saccule is removed with sharp 
scissors in the plane indicated by 
the transverse line in Figure 52. 
With a little practice it is possible 
to release the pressure upon the 
pouch slightly as the cut is made, 
so that a loss of semen from the 
saccule is avoided. The left 
Fic. 52.—Seminal pouch slightly more hand still bearing the seminal 
compressed. The Sacculus compressus, pouch, thus prepared, is now 
sc, becomes more prominent, and more : are : 
pointed. The tip of this organ is clipped quickly passed into the field of the 
off in the plane indicated by the short binocular microscope, arranged 
transverse line. 
for the experiment as in Plate 29, 
and is placed so that the point of the syringe rests over the open 
saccule and in contact 
with it, as shown in 
Figures 53 and 56. In 
this position the semen 
is transferred to the 
syringe with little or 
no admixture of mu- 


, Fic. 53.—The seminal pouch as it appears after thetip 
cus until the last of the Sacculus compressus has been cut off, and the 
traces are reached, semen is being drawn up into the syringe. The 

“or arrows indicate the direction from which the pres- 
when slight mixing is sure from the thumb and finger is applied. The 
almost sure to occur semen surges forward to enter the syringe leaving 
the mucus to follow yard. 
if the filling of the e mucus to follow afterward 


syringe is carried further. It seems best to sacrifice the last traces of 
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semen, and to avoid as far as possible any mixing of mucus, rather than 
to save the last traces of semen. 

Followers of this technique will frequently observe a tendency for 
considerable of the mucus and even for some of the sperm at times to 
PEN be crowded into the base of the 
penis when the pressure is applied, 
and not to enter the compression 
saccule. This difficulty can be 
easily controlled by folding the dis- 

Fic. 54.—Showing the seminal pouch tal end of the penis back against the 

with the distal end of the penis, chitinous plates with the points of 

pen, folded back against the chi- . ; 

tinous plates to prevent the escape the tweezers before squcesing is 

of semen into this organ when begun, as in Figure 54, so that it is 

held fast in this position between 
the finger and the dorsal wall of the seminal pouch when the pressure 
is applied as in Figure 55. 

What may be the precise function in natural copulation in honeybees 
of the compression saccule cannot be stated, but its invariable presence 
in the ventro-distal 
region of the seminal 
pouch of mature 
drones, together with 
the habit of the 
sperms of running into 
it when pressure is 
applied are signifi- FiG.55.—The seminal pouch with the penis folded back, 
cant. Furthermore, and the syringe taking up the semen. The arrows 
the use of this saccule indicate the direction of the pressure from the thumb 


and finger. 
from which to obtain 
almost the whole stock of sperms of a drone without much mucus is 


a convenient adaptation, and it seems certain that this organ is 
destined to play an important role in the future technique of instru- 
mental insemination. For the sake of clearness and convenience 
in this and in future discussions it is suggested that this organ be 
designated, Sacculus compressus, or compression saccule. 


TEMPERATURE CONSIDERATIONS 
One more observation deserves to be mentioned as having contributed 
to the success of the past season, and that concerns the temperature of 
the air in the laboratory where instrumental insemination is carried out. 
It has been repeatedly observed that the movement of the sperm is 
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executed very slowly at the temperature of 20° C., but that the 
motions are greatly accelerated at the temperature of 35°. 
The purpose of this paper will not permit a lengthy discussion of van’t- 
Hoft’s law, which was first 
proposed to deal with the 
effect of temperature upon 
the rate of chemical re- 
actions.» Chemical _re- 
actions which are condi- 
tioned by molecular move- 
ment are accelerated by 
rise of temperature, and 
van’t Hoff found that in 
such reactions a rise of 
10° C. usually doubles or 
trebles the rate. Sub- 
sequently van’t Hoff and 
his associate, Cohen, con- 
ceived the idea that this 
law applies to vital pheno- 
mena as well. In his work 
on the development of the 
frog egg, Hertwig found it 
to apply, and a large 
amount of experimental 
data has accumulated to 
support the law for many 
vital phenomena. Unfortu- 
nately there are no reported 
observations on the rate of 
ee Fic. 56.—Showing the position of the left 
activity of spermatozoa as hand while holding the seminal pouch for 
related to temperature, but filling the microsyringe. For the better 
orientation of the reader the distal end of 
therearenumerous reports of the penis is here shown fully extended, and 
the movements of bacteria, not folded back against the,dorsal wall of 
protozoa, and the like which 
are analogous, and it seems highly probable that the rhythmic motions 
of honeybee spermatozoa obey van’t Hoff’s law. However this may be, 
it is certain that at temperatures below 20° the sperrhatozoa slow down 


‘Bayliss, W. M. 1920. Principles of general physiology. Ed, 3,862 p., illus. 
London and New York. 
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their movements when they are taken into the syringe, and that they 
lose all motion much sooner at 20° than they do at higher temperatures. 
Meager inseminations usually occur in the case of queens that are not 
kept at approximately brood-rearing temperature for a few hours 
after being injected. 


NOTES ON THE REARING OF ASCOGASTER CARPOCAPSAE, 
A BRACONID PARASITE OF THE CODLING MOTH 


By H. L. Dozier and H. G. Butter, Delaware Agriculture Experiment Station, 
Newark, Del. 


During the course of life history studies of the Codling Moth in 
Delaware it has been observed that Ascogaster carpocapsae is its most 
abundant parasite in that State. Annually large numbers have issued 
from old infested picking baskets stored in packing houses and basket 
storage rooms for observation. Opportunity was taken in 1928 to rear a 
small number of these parasites to determine the length of their develop- 
ment from egg to adult. Of necessity the work was conducted on a very 
small scale and was not carried out beyond the emergence of the first 
brood adults. 

Parasites were secured at the windows of a basket storage house and 
supplied with eggs of the codling moth for oviposition. The adult 
codling moths used as a source of eggs in this work were of the over- 
wintering brood, and were obtained from the same place as the parasites. 


The moths were confined in a battery jar supplied with a moistened 
sponge. Each day the jar was changed. Usually an abundant supply 
of codling moth eggs were found on the glass. The stock of parasites 
was then confined in the battery jar with the eggs laid during the previ- 
ous 24 hours. The process was repeated from day to day with the 
additions of such moths and parasites as were needed to replace the 
losses due to mortality from various causes. In Table 1 is given the 
record of the incubation period of these parasitized eggs of the codling 
moth. 

The average length of the incubation period of 275 eggs of the codling 
moth exposed to oviposition by A. carpocapsae was 5.63 days with a 
maximum of eight days and a minimum of three days. The average 
length of the incubation period of normal first-brood eggs of the codling 
moth was 7.33 days, and of the second-brood the period was 5.44 days. 
From these data it appears that there is no retardation of the incuba- 
tion process due to the presence of the parasite within the host egg. 
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TABLE 1. THE RECORD OF THE INCUBATION PERIOD OF COoDLING MotHh EGGs 
EXPOSED TO OVIPOSITION BY THE PARASITE Ascogaster carpocapsae, CAMDEN, 
DELAWARE, 1928 


Date of Date of No. eggs Length of 
oviposition hatching hatched incubation 
June 22 5 6 


29 
30 
28 
29 
29 
30 
1 
2 
1 
2 
3 
3 
4 
5 
3 
4 
3 
4 
5 
6 
5 
6 
7 
8 


Totals 
Average length of the incubation period............... 5.63 days 


The newly hatched larvae were placed on apples and confined in 
battery jars for the duration of the feeding period. The record of the 
larval feeding period is given in Table 2. 

The average length of the feeding period of 17 parasitized larvae 
of the codling moth was 14.5 days. The average length of the feeding 
period of normal first-brood larvae was 19.5 days and that of normal 
second-brood larvae was 26.6 days. The greater length of the feeding 
period of the normal larvae is in all probability due to the fact that the 
development of the earlier part of the first-brood and the later part of 
the second-brood occurred in periods of lower temperature. 


t 
Ss 
3 7 21 
1 8 
9 6 54 
1 5 5 
23 6 138 
July 9 7 63 
i 1 8 8 
26 6 156 
6 7 42 
| 3 7 21 
44 6 264 
2 7 14 
18 6 108 
. 13 4 52 
17 5 85 
3 3 9 
2 4 s 
| 19 5 95 
1 6 6 
: 2 4 8 
9 5 45 
18 6 108 
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Taste 2. THe LENGTH OF THE LARVAL FEEDING PERIOD OF THE CODLING Morn 
DEVELOPED FROM EGGs ExPosED To OvIPOsITION BY A. carpocapsae, AT 
CAMDEN, DELAWARE, 1928 


Date of Date of Number Number 
hatching leaving fruit of days of larvae 
July 14 16 1 16 
vc 18 19 1 19 
14 14 1 14 
14 13 1 13 
15 14 1 14 
de 16 15 1 15 
iinceeeewhnsieses 16 15 1 15 
16 13 1 13 
16 13 1 13 
16 12 1 12 
16 12 1 12 
tees 20 16 1 16 
ppetecdevactesen 17 13 1 13 
ees 18 14 1 14 
19 14 1 14 
20 14 1 14 
rere 23 19 1 19 
The average length of the larval feeding period......... 14.5 days 


TABLE 3. THE LENGTH OF THE PERIOD ELAPSING FROM THE TIME THE CODLING 
Mors LARVAE LEFT THE FRUIT UNTIL THE EMERGENCE OF THE ADULT 
PARASITE, A. carpocapsae, CAMDEN, DELAWARE, 1928 


Date codling moth larvae Date of emergence Number of 
left the fruit of the adult parasite days 
294 
The average length of the period....................5. 17.3 days 
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The mature codling moth larvae of this series were placed in pupation 
racks as they left the fruit. In practically all cases they spun a normal 
cocoon but failed to pupate. The record of the time and stage at which 
the parasite left the body of the host was not obtained. The record of 
the period between the time of leaving the fruit and the emergence of 
the adult parasite is given in Table 3. 

The length of time required for the complete development under the 
conditions of the experiment was obtained by combining the data of 
the previous tables. This is given in Table 4. 


TABLE 4. THe LENGTH OF TIME REQUIRED FOR THE DEVELOPMENT OF THE CODLING 
Mort PARASITE, A. carpocapsae, FROM EGG DeEposiTION TO THE EMERGENCE 


OF THE ADULT, AT CAMDEN, DELAWARE, 1928 
No. of 
days 
Average length of time required for the incubation of codling moth eggs ex- 
posed to the parasites, less one day 
Average length of the feeding period of the codling moth larvae 
Average length of time from the termination bas the feeding period to the 
emergence of the adult parasite 
Total length of time required for the seninaiienn of the parasite 


ADHERENCE OF SOME INSECTICIDAL DUST MATERIALS TO 
GROWING AND MATURE FOLIAGE 


By Dwicut F. Barnes and S. F. Potts, Gipsy Moth Laboratory, Bureau of 
Entomology, Melrose Highlands, Mass. 


ABSTRACT 


This paper discusses tests on the adherence of some dust materials to growing 
and mature foliage. The addition of lime to lead arsenate greatly increased the loss of 
arsenic. Lead arsenate adhered better than did calcium arsenate. In adherent 
properties drying oils were superior to non-drying oils. The relation of leaf expansion 
and meteorological factors to arsenic concentration and adherence is discussed. 


INTRODUCTION 


Control of leaf eating insects by dust insecticides depends upon three 
conditions: (1) depositing on the foliage a maximum portion of the 
materials used, (2) uniform covering of the surface to be protected, and 
(3) the adherence of this deposit over the period desired. The advan- 
tage of making one application effective for the entire, season suggested 
the study of materials which might increase the adherence of dust 
insecticides. This paper reports progress made on this subject in the 
seasons of 1926 and 1927. 
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The adherence of dust to foliage is dependent upon three factors: 
(1) certain meteorological conditions, as wind, wetting, drying, dew, 
fog, and rain, (2) leaf growth and expansion, and (3) the character of 
the dust. Other things being equal, the fine, soft, insoluble dusts adhere 
better than do coarse or soluble materials. 

Mertnuops. The dusts tested were prepared by mixing lead arsenate 
or calcium arsenate, with or without the addition of lime, and various 
quantities and kinds of oils. Light pressed fish oil, a “drying oil” 
which must not be confused with fish oil soaps, and three grades of 
machine oil, classed as ‘‘non-drying”’ oils, were used. Weighed quanti- 
ties were mixed in a homemade ball mill. The dry materials were placed 
in the mill and the oils added slowly and stirred in with a paddle. The 
mixtures were ground with stones for 15 minutes and then passed 
successively through 4 mesh and 20 mesh screens. Mixtures containing 
as high as 10 percent of oil gave little trouble in mixing and screening, 
but all containing over 10 percent of oil were moist and screened slowly. 
All of the oil mixtures passed through the hand gun freely. The dusts 
were a little coarser than untreated lead arsenate, the coarseness in- 
creasing with the increase in oil content. The coarser dusts drifted 
less and settled more readily than those containing less oil. 

Plots one-sixth acre in size were treated with five pounds of material 
each. The growth was two to four feet high and consisted, principally, 
of scrub oak with some scarlet, white, and chestnut oak sprout. The 
first plots treated in 1926 were in Sandwich, Mass. The work was 
checked later in the season at Wilmington, Mass., and again in 1927 in 
the same locality. The adherence to growing foliage was studied in plots 
at Dartmouth, Mass., in 1927. 

Leaf collections to determine the quantity of arsenic deposited on the 
foliage were made as soon after dusting as possible and before any rain 
fell. The quantity of arsenic lost was determined from collections 
made after varying amounts of rainfall. Each sample contained from 
25 to 120 leaves, depending upon the size and age of the foliage. The 
leaf area of the samples was found by measuring each leaf with a planim- 
eter. A modified Gutzeit method was used to determine the amount 
of arsenic on the leaf samples. 

A study of the relationship of the quantities of poison retained on the 
foliage to records of relative humidity, fog, dew, temperature, rainfall, 
and wind velocity, determined which were the effective dusts. 

ADHERENCE OF Dust To Mature Fouiace. The Sandwich 1926 
plots were dusted in the late afternoon of June 28. There was a light 
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variable wind, the sky was clear, the temperature and relative humidity 
were slowly rising. During the night dew occurred. The following day 
the wind velocity increased to about 15 miles per hour. The figures 
for the Sandwich plots (Table 1) indicate that in every collection after 
the first, the percentage of arsenic removed varied inversely with the 
increase in oil content of the dust. In the final collection, after an 
exposure of two months and a rainfall of 6.11 inches, only a trace of the 
untreated lead arsenate remained while 50 percent of the 17 percent 
fish oil-lead arsenate dust remained. 

Later in the season, to check the preceding tests and to make a 
comparison between the adherent qualities of drying and non-drying 
oils, dusts were prepared for the Wilmington 1926 plots. Plots 1 to 6, 
inclusive, were treated in the late afternoon of August 5. At that time 
there was a light variable wind, the temperature was dropping and the 
relative humidity was increasing. A heavy dew at night wet the dust 
on the foliage in these plots. Plots 7 to 11 were treated on the following 
morning (August 6) while the foliage was still wet. The figures for 
the Wilmington plots 1 to 7 (Table 1) show that the same relation 
existed between the percentage of arsenic remaining and the fish oil 
content of the dust as was found at Sandwich. The non-drying machine 
oils (plots 9, 10 and 11) gave increased adherence when compared with 
untreated dust, but were not as good as fish oil in this respect. The dust 
in plot 7 contained 7 percent fish oil and 2 percent cedar oil. This 
retained as much arsenic as the 9 percent fish oil dust in plot 5. In 
addition, it was not disagreeable to handle, for the cedar oil com- 
pletely counteracted the unpleasant odor of the fish oil. The 1926 
tests indicated that the adhesive property of mixtures depends in part 
upon the drying quality of the oil and in part upon the quantity of the 
oil used. 

When these oil-coated dusts were stored in open containers they often 
heated. This was probably caused by exposing a maximum oil surface 
to the action of air, which permitted rapid oxidation of the oil, resulting 
in heating the whole mass. This was overcome by placing the dust in 
tight containers immediately after mixing and then storing in the shade. 

In 1927 the 17 percent fish oil-lead arsenate dust was re-tested and 
freshly mixed material compared with material that had been held in 
storage for seven months. In addition, lead arsenate with hydrated 
lime, lead arsenate with hydrated lime and fish oil, calcium arsenate, 
calcium arsenate with fish oil, calcium arsenate with hydrated lime, and 
lead arsenate with a proprietary colloidal material were tried. 
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The plots were treated on the afternoon of August 10. The meteoro- 
logical conditions, at time of dusting were similar to those of the previous 
tests. Examination of the figures for plots 52 to 63 (Table 1) show 
several interesting results. Sixty-five percent of the original deposit 
of freshly mixed 17 percent fish oil-lead arsenate dust remained on the 
foliage (plot 53) as compared with 34 percent of a similar mixture 
that had been stored (plot 58). Evidently deterioration had occurred 
during storage, so that the stored dust was little better than the un- 
treated lead arsenate (plot 52). The addition of hydrated lime to lead 
arsenate (plot 57) and to fish oil-lead arsenate dusts (plots 55 and 56) 
gave poorer adherence than untreated lead arsenate. This is important, 
since lime is commonly used as a filler or carrier in dust mixtures. The 
results noted where hydrated lime was added suggest that in some 
manner it actually increased the removal of arsenic from the foliage. 
The degree of adherence of calcium arsenate was very low; being less 
than 10 percent (plots 59, 60 and 61). This observation was supported 
by results secured in ground and airplane dusting plots treated in 1927. 
Table 2 shows the results secured when dry foliage was treated, by 
airplane, with fish oil dusts. In plot 6 the foliage was nearly dry and 
moderate winds followed treatment. In plot 9 the foliage was com- 
pletely dry and high winds prevailed for 48 hours after treatment. The 
loss in both plots was higher than when wet foliage was treated. If 
foliage is dry at the time of dusting and remains dry, the wind will take 
off much of the original deposit. The remaining particles are not fixed 


TABLE 2. ADHERENCE OF O1L TREATED LEAD ARSENATE Dusts TO Dry FOoLiace 
(Applied by Airplane) 


Percentage of arsenic found at each test 


Composition of Inches Percentage 
dusts and per- Days rainfall of arsenic 
centage of after dusting since dusting remaining 
Plot components used Test 1 Test 2 Test 1 Test 2 Test 1 Test 2 
Mattapoisett 6..... Lead arsenate 83, 
fish oil 17 0 19 0.00 0.94 100 30 
Freetown 9........ Lead arsenate 87%, 
fish oil 12%..... Lt 15 0.00 1.10 100 5 


'Dust was applied in late afternoon and collection was made early the following 
morning. 


to the foliage, thus the loss during the first rain is increased. On the 
other hand, if dust is wet by dew or fog during or immediately after 
application and allowed to dry, it becomes fixed upon the leaf surface 
like spray residue. The coating then is somewhat resistant to the action 
of wind and rain. The first inch of rain following dusting removes, on 
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the average, about 70 percent of the untreated lead arsenate from the 
foliage, and the first 0.5 inch remove more than any inch of rainfall 
following. 

ADHERENCE OF Dust To GROWING Fo.iaGe. The gipsy moth may 
be killed by arsenicals for about one month during its life history. 
Control during this period may be secured by keeping the foliage 
covered with lead arsenate, at the rate of 0.5 milligram per unit area of 
10 square inches (64.5 square centimeters) of leaf surface. When the 
concentration falls below 0.3 milligram per 10 square inches another 
treatment is necessary. Leaf expansion and weathering working in- 
dependently will reduce the concentration per unit of area. Dis- 
regarding weathering, a leaf expanding to twice its original area will 
have half the original concentration of arsenic upon a unit area, and the 
loss in concentration is therefore inversely proportional to expansion; 
therefore if the original concentration and rate of expansion are known, 
the loss can be found. If, also, the actual concentration per unit area, 
after expansion, is known, then it necessarily follows that the loss 
from weathering is the difference between the final concentration and 
the reduced concentration due to expansion. There is a possible mini- 
mum and possible maximum loss in quantity by expansion and by 
weathering, depending on when the weathering loss occurred. If it 
occurred toward the time of dusting, the loss due to weathering ap- 
proaches the maximum and the loss due to expansion the minimum. 
If the weathering loss occurred toward the time of sampling, the loss by 
weathering approaches the minimum and the loss by expansion the 
maximum. Data were secured with the object of analyzing the effect 
of these factors and to determine the effectiveness of fish oil as an 
adhesive for dusts when applied to growing foliage. - 

Two plots were treated on May 31, 1927; plot A with lead arsenate 
at the rate of 40 pounds per acre, and plot B at the same rate, with 
17 percent, by weight, of fish oil added. The application was made 
with a self-mixing duster one hour before sunset. Quiet air and heavy 
dew over night gave ideal conditions for adherence. Before dusting, 
1,000 leaves of equal size were tagged on two white and two scarlet oak 
trees in each plot. All samples taken during the season were selected 
from these leaves. The area and quantity of poison per unit of area 
were determined. The lead arsenate distribution was determined at 
various intervals by the Hamilton-Smith colorimetric printing out 
method.' These prints showed uniform distribution at time of dusting. 

‘Hamilton, C. C., and Smith, C. M. A colorimetric method for showing the distri- 


bution and quantity of lead arsenate upon sprayed and dusted surfaces. Jour. 
Econ. Ent.., vol. 18, pp. 502-508. 
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As the leaves expanded the poison became located at the borders and 
large veins, while intermediate portions were left with relatively smaller 
quantities. 

Table 3 shows the amounts of lead arsenate found at each collection, 
the rate of leaf expansion, and the amounts and percentages lost by 
the combined effects of weathering and leaf expansion, by the effect of 
leaf expansion alone, and by the effect of weathering alone. The second 
set of samples was taken soon after a heavy rainfall. It is probable that 
the figures for these samples show the maximum loss by expansion and 
the minimum loss by weathering. The rainfall between dusting and the 
third sampling was so distributed that the actual amounts lost were 
somewhere between the maximum and minimum figures given. The 
percentages of loss by weathering and by expansion were checked by 
comparing the average deposit per leaf at each sampling with the original 
deposit per leaf. In six days the leaves about doubled their size; and in 
16 days they increased about 10 times. Expansion and weathering 
combined reduced the deposit on the plots to an average of less than 0.5 
milligram per 10 square inches in six days, while 16 days would have 
been required to produce this result by either expansion or weathering 
alone. In the first six days ,with 0.71 inch of rain, the loss by weathering 
proceeded more rapidly than it did for the 16 day period when 1.10 inches 
of rain fell. Had the original rate continued, all the poison would have 
been washed from the foliage before the last collection. The loss by 
weathering with fish oil-lead arsenate dust was less for the first six days 
than with untreated lead arsenate, but in 16 days, when the foliage 
was fully expanded, the loss in both plots was about equal. This change 
was probably due to the fact that the dried oil coated particles seemed 
to split off from the expanding leaf more easily than did the finely 
divided uncoated lead arsenate. The shedding of downy pubescence 
from the leaf increased this effect. 
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A SECOND REPORT ON CHEMICALLY TREATED BANDS FOR 
THE DESTRUCTION OF CODLING MOTH LARVAE 


By E. H. Srecter, LutHer Brown, and M. A. Yoruers, Bureau of Entomology, 
United States Department of Agriculture, and W. P. YeTTER, JR., 
Colorado Agricultural Experiment Station' 


ABSTRACT 


The use of beta-naphthol in powdered form on codling moth band traps in 1926 
appeared promising. The action was slow and difficulty was experienced in keeping a 
sufficient coating of the material on the bands. 

In 1927, a red engine type of oil was incorporated with the beta-naphthol as a 
binder and proved to be quite an improvement over the powder application. The 
oil appeared to be of benefit both as an insecticide and as a mechanical carrier for the 
beta-naphthol, increasing the rapidity of kill. The work in 1927 resulted in the con- 
clusion that a crepe paper band with beta-naphthol and oil on it approached nearer 
to the desired self-working band than other types of bands with these substances on 
them. The crepe bands held more of the coating under humid conditions than any 
other types of bands used. In addition crepe paper bands appear to be safer to use 
from the standpoint of tree injury than the cloth bands. 

The principal development of 1928 was the adoption of an impregnation method of 
applying the chemicals to the band as a substitute for the smearing on of the mixture. 
By this method it was found possible to coat the inner surfaces of corrugated paper, a 
material which is highly efficient in trapping mature codling moth larvae. 


The idea of employing chemically treated bands as a substitute for 
the untreated hand-worked bands sometimes used as a supplementary 
measure in the control of the codling moth, Carpocapsa pomonella L., 
was tested in 1926 and some preliminary work was done at that time” 
with beta-naphthol* 

In the original experiments (1926), beta-naphthol was applied in 
powdered form to cheesecloth bands, and indications of its possible 
efficacy were apparent. The chemical as applied in a dry form was not 
sufficiently adhesive, however, and for this reason only a small percent- 
age of the larvae were killed. When beta-naphthol was applied in the 
foregoing manner fully three weeks were required to kill the larvae. 
Later in the season a lubricating oil (red engine type) was mixed with 


‘In addition to the work with chemically treated bands as carried out by the above 
authors, tests were conducted by A. J. Ackerman, H. Baker, Herbert J. Dodd, P. M. 
Gilmer, L. C. McAlister, B. A. Porter, R. F. Sazama, and E. R. Van Leeuwen of the 
Bureau of Entomology, U. S. Department of Agriculture and also C. H. Alden of the 
Georgia State Board of Entomology. The data submitted by these workers from 
time to time were of considerable value to the authors. 

*Siegler, Brown, and Ackerman. Chemical Treatment of bands as a Supplemental 
Control of the Codling Moth. Jour. Econ. Ent., Vol. 20, No. 5, pp. 699-701, 
October, 1927. 
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the beta-naphthol in a sufficient quantity to form a paste,* but the 
season was then too far advanced to permit a trial in the orchard. 

During 1927 the work conducted in New Jersey embraced the further 
use, on trees of large bearing capacity, of beta-naphthol in several 
combinations and, in addition, tests were made of a number of other 
chemicals. Beta-naphthol was applied to the bands in combination 
with lubricating oil, with hydrated lime and lubricating oil, and with 
cement and lubricating oil. Other chemicals tried were lubricating oil 
(red engine type), a white mineral oil, and a white mineral oil emulsion. 
Sodium fluoride, calcium fluosilicate, and sodium fluosilicate were 
tested in combination with a white mineral oil in the same proportion 
as beta-naphthol and lubricating oil. Several stomach poisons were 
also tested. Concentrated solutions of potassium arsenite, sodium 
arsenate, and corrosive sublimate were applied to blotters of the same 
dimensions as the bands under which these blotters were placed. Lead 
arsenate and Paris green mixed with water were applied directly to bands 
in the form of a thick paste. 

Of the chemicals used, beta-naphthol in combination with lubricating 
oil,* with the oil and lime,‘ and with the oil alone gave the most promis- 
ing results. The oils on burlap bands gave excellent results for a period of 
about six weeks while the oils on cheesecloth bands were not effective 
except for a week or so following their application. All of the stomach 
poisons gave poor or negative results and were discontinued early in the 
work. Sodium fluoride, calcium fluosilicate, and sodium fluosilicate were 
found somewhat effective but were too slow for satisfactory results. 

Beta-naphthol in combination with oil on all types of bands employed 
gave the best results. This combination was used on bands of cheese- 
cloth, burlap, buflap-lined paper, tar paper, and crepe paper, each of 
which was four inches wide. The cheesecloth, burlap, and tar-paper 
bands proved to be inferior to the crepe paper ones owing to the washing 
away by rains of more of the chemical combination of beta-naphthol 
and oil from the former three. The addition of lime to the combination,‘ 
however, aided greatly in preserving the coating on cloth bands although 
it retarded somewhat the rapidity of kill. Wherever the chemical mix- 
ture persisted the larvae were killed throughout the season (four 
months). Originally the crepe paper was cut at right angles to the 


*Beta-naphthol, technical 

Lubricating oil (red engine pints 
Hydrated lime \% pound 
Lubricating oil (red engine type) 1\4 pints 
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furrows of the paper (across the grain) and was considered a failure 
because it stretched after being placed around the tree. Later, however, 
this difficulty was eliminated by cutting the paper parallel to its furrows 
(with the grain). Rains apparently removed very little of the insecticide 
from the crepe-paper bands and good killing records were maintained 
throughout the season with the original treatment. 

In the examination of the bands, all dead larvae were removed at the 
time of inspection and all of the normal and abnormal living larvae were 
carefully replaced for further exposure to the insecticide. It could not 
be determined how long the live larvae had been subjected to the treat- 
ment and for this reason they were replaced beneath the bands. The 
frequent disturbance of the live larvae by the several examinations 
apparently caused some of them to seek cocooning places elsewhere. 
This factor, coupled with the destruction of some of the larvae by pred- 
ators which were often noted under the bands, made it impossible to 
determine accurately the percentage of larvae killed. 

Studies of chemically treated bands were continued during 1928, in 
New Jersey, Colorado, Washington, and other states. The work in 1928 
was confined almost entirely to the combination of beta-naphthol and 
lubricating oil. To insure reasonable uniformity, in treatment, the 
application of the chemicals to the bands was made by the impregnation 
method herein described and all of the bands used in these tests were 
treated at the same time and place. Crepe paper bands and those of 
single-faced corrugated paper received the most attention although work 
was continued with other types of bands including two-ply and three-ply 
burlap and three-ply black cheesecloth bands. 

The impregnation method of treating bands is as follows: Beta- 
naphthol and oil were mixed in a vat and heat was applied until all of 
the beta-naphthol was in solution. Only enough heat was used to keep 
the beta-naphthol in solution because when too much heat was main- 
tained the chemical coating was not sufficiently heavy and too much 
beta-naphthol was lost by evaporation. Care was taken to prevent 
the free flame from coming in contact with the solution, because both the 
beta-naphthol and the oil are inflammable. 

The bands were impregnated by drawing them through the solution, 
and the surplus liquid was allowed to drain back into the vat. The 
chemical coating was distributed uniformly, set quickly, and did not 
have the appearance of carrying excess oil. 

Some results obtained in 1928 are given in Table 1. 
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The efficiency of the bands was determined by the percent of moth 
emergence as indicated by the number of pupal skins collected through 
the season at intervals of about ten days. As shown in the table, the 
efficiency of crepe, burlap, and No. 1 corrugated bands was about the 
same, while the efficiency of No. 2 corrugated bands was much less on 
account of the reduced quantity of beta-naphthol in proportion to the 
oil employed. At the time of the final examination, most of the larvae 
yet living appeared to be in a weakened condition with the exception of 
those in No. 2 corrugated bands. It is thought that most of the weaker 
larvae will not survive after a longer exposure to the chemical coating 
during the winter months. Examination of these larvae will be made in 
the spring of 1929 to ascertain the percentage of mortality.’ If it is 
found that the weakened larvae survive the longer exposure, it will of 
course be necessary to remove and destroy the live larvae when the 
bands are removed from the trees previous to the emergence of the moths 
of the spring brood. Even in the event that this final destruction of the 
larvae by hand becomes necessary, the original idea of economy of 
labor in the banding operation during the busiest season of the year will 
have been realized. 

The data shown in Table 2 were obtained experimentally in the field 
to determine whether or not the combination of beta-naphthol and oil 
repels the codling moth larvae. The bands were treated for one-half of 
their length and were placed alternately on the cardinal points of the 


tree trunks. 


TaBLe 2. CHEMICALLY TREATED vs. UNTREATED CopLING Motu Banps, FieLp 


Tests, 1928 
Number Number of larvae in 
of trees Type of band Treated half bands Untreated half bands 
20 Corrugated paper............... 63 59 
6 7 


*A report from Colorado has since been received. Three bands of each plat were 
left on the trees and not examined after Aug. 31, 1928 until May 1, 1929. On the 
latter date the following results were obtained: 


Crepe... LOtal insects, 201; Percentage dead, 90.0 
Corrugated No. 1... “1068; “ “ 988 


Corrugated No. 2 1145; “ 49.6 
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Table 3 gives the record of the repellency tests conducted under 
laboratory conditions. The laboratory tests were conducted in a 9-inch 
by 12-inch glass jar made impervious to light by covering the outside of 
the jar with several layers of light-proof paper and the top with several 
layers of closely woven black cloth. Two strips of single-faced corrugated 
paper 12 inches long by 1 inch wide were placed in the bottom of the 
jar in an upright position with the corrugations against the concave 
sides of the jar. One of the strips of corrugated paper had been treated 
with beta-naphthol and oil by the impregnation method; the other had 
not been treated. The larvae used in these tests were taken from in- 
sectary reared material previous to spinning their cocoons. They were 
placed in the center of the bottom of the jar and from this position they 
were free to select either the treated or untreated bands. 


TABLE 3. CHEMICALLY TREATED Vs. UNTREATED CoDLING Motu BaAnps, 
LABORATORY TEsTs, 1928 


Test Number of Number of larvae in* 

No. larvae used Treated band Untreated band 
48 
31 
33 


112 
*16 larvae spun on cover of jar. 


From these few data we can draw no definite conclusions but it appears 
that no significant repellence was manifested in either the field or the 
laboratory test. 

At this time, no definite conclusiens can be drawn as to the possibility 
of tree injury caused by the use of the chemically treated bands. A 
little injury has been reported from the use of burlap bands which were 
heavily soaked with the oil and beta-naphthol mixture, and we feel 
that the continued use of burlap and cheesecloth bands over a period of 
years might result in serious injury to the trees. On the other hand, no 
trace of injury appeared on trees where crepe paper bands were used in 
New Jersey during 1927, and from observations made in 1928 of the 
trunk area under crepe and corrugated paper bands treated with beta- 
naphthol and oil we believe that similar results will obtain this year. 
We also believe that less injury may be expected with all types of bands 
when the impregnation method of applying the chemicals is used than 
when the chemicals are applied as in 1927, by smearing on a cold 
mechanical mix of the beta-naphthol and oil. Less free oil appears to be 
present when the impregnation method is used. 
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The points of chief interest in connection with the banding studies 
may be briefly summarized as follows: 

(1) Beta-naphthol and oil will kill the mature codling moth larvae pro- 
vided a sufficient coating of the mixture is present on the bands. 

(2) A satisfactory coating will not be obtained unless a sufficient propor- 
tion of beta-naphthol is used in the formula and maintained during 
the treating process. 

(3) The maintenance of the chemical coating on the band is dependent to 
some extent, under eastern conditions, upon the amount of rainfall 
and, in the semi-arid West, upon the degree of evaporation of the 
oil as influenced by high temperatures. Raig washes away part of 
the chemical coating, whereas hot drying temperatures permit 
part of the coating of beta-naphthol to slough off. 

(4) In our own work in which the impregnation method of treating the 
bands was used, no injury to the trees was noted in 1928. If injury 
is subsequently found, it will most likely take place on trees on 
which cloth bands were used. 

(5) As a general statement, it is believed that a chemically treated band 
of single-faced, corrugated paper is the most logical one to use be- 
cause (a) its initial cost is low, (b) it does not repel the larvae, (c) it 
is easy to handle, and (d) it does not appear to affect injuriously 
the health of the trees. 

(6) At present we do not recommend to growers any of the chemically 
treated bands, except for use on an experimental scale. 


DILUTED CALCIUM ARSENATE FOR BOLL WEEVIL CONTROL! 
By EpGaAr F. GROSSMAN 


The early manufacturers of calcium arsenate encountered many 
difficulties in producing a satisfactory brand of this newly adopted 
insecticide. Consequently, it became necessary to formulate rigid 
specifications for this material, and accordingly all calcium arsenate 
to be used for boll weevil (Anthonomus grandis Boh.) control was re- 
quired to meet these specifications: “‘Not less than 40 percent arsenic 
pentoxide. Not more than 0.75 percent water-soluble arsenic pent- 
oxide. Density not less than SO or more than 100 cubic inches per 
pound.’”’ (Coad, B. R. and T. P. Cassidy, Bul. No. 875, Bureau of 
Entomology, U.S.D.A. July, 1920.) 


1Contribution from the Department of Cotton Investigations, Florida Agricul- 
tural Experiment Station. 
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The continued efforts of insecticide companies to develop new pro- 
cesses for manufacturing calcium arsenate, however, produced satis- 
factory material. The author therefore considered the possibility of 
successfully diluting calcium arsenate with a suitable carrier, such as 
hydrated lime. 

The completion of experimental tests extending over a period of 
three years led to the conclusion that calcium arsenate diluted with 
hydrated lime when well mixed and distributed will control the weevil 
as well as the undiluted material (Grossman, Edgar F. How the Boll 
Weevil Ingests Poison. Bul. 192, Fla. Agr. Exp. Sta. Jan. 1928.) 
Additional experimentation, conducted in 1928, substantiates this 
conclusion. 

The accompanying table represents yields in pounds seed cotton per 
acre for four years. In both 1924 and 1925 full acre plots were employed, 
while in 1926 and 1928, one-eighth acre plots were planted. Throughout 
the tests the cotton plots were so arranged that a corn barrier separated 
each plot from the others. Both the undiluted calcium arsenate plots 
and the diluted ones, 50-50 mixtures of calcium arsenate and hydrated 
lime, were treated at the rate of five pounds per acre each application. 
Though the number of applications varied from year to year, the di- 
luted and undiluted plots received the same number of poison applica- 
tions at the same time during each season respectively. Likewise, 
precautions were taken to insure the use of seed obtained from the 
same source; the same amount of fertilizer; to practice the same culti- 
vation; and, as far as possible, to plant on the same type soil. 

In 1924, seven full acre-plots, one type soil, all planted with the same 
kind of seed, fertilized and cultivated alike, and treated with equal 
amounts of the poisons at the same time, were well adapted to show 
any significant differences between the two materials used for boll weevil 
control. The average yields of both the diluted and undiluted calcium 
arsenate plots, however, were very close. Similar results were obtained 
in 1925, when thirteen full acre plots were observed. Though severe 
wind storms in the spring of 1926 materially reduced the cotton stand, 
thereby causing low yields of seed cotton, a comparison of the diluted 
and undiluted plots again demonstrated the effectiveness of the diluted 
mixture. In 1928, a final series of tests, employing 24 one-eighth acre 
plots, though somewhat irregular in yields, again approached similar 
average yields per acre. 

Since there is no mechanical difficulty attached to mixing calcium 
arsenate and hydrated lime, and since the addition of the hydrated lime 
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materially reduces the cost of poisoning cotton fields for boll weevil 
control, the diluted mixture, 50-50 calcium arsenate and hydrated lime, 
is recommended for use. 


Pounps SEED CoTTON PER ACRE 


1924 1925 1926 1928 
Calcium — Calcium Calcium Calcium 
Arsenate Mixture Arsenate Mixture Arsenate Mixture Arsenate Mixture 

803 879 1004 1095 228 260 297 238 
806 SOS 1175 1101 136 156 584 558 
942 790 976 908 224 292 551 491 
= 919 1348 1113 234 184 328 265 
—— — 1020 1084 280 254 368 100 
— — 814 — 232 220 607 319 
— — 1048 — — —- 640 560 
-— 1070 — — 219 435 
— — — — — — 112 580 
— — — — 588 1220 


'2551 3486 8455 5301 1334 1366 5708 6096 
* $50 871 1057 1069 222 228 476 508 


‘Sum of yields. 
*Average yield per acre. 1924 and 1925 full acre plots. 1926 and 1928 computed 


yields from one-eighth acre plots. 


THE PIGEON FLY—AN IMPORTANT PEST OF PIGEONS 
IN THE UNITED STATES 


By F. C. Bisnorr, U. S. Bureau of Entomology 
ABSTRACT 

The pigeon fly, Pseudolynchia maura Bigot, has become an important pest of 
pigeons in many parts of the United States, especially in the South. Haemoproteus 
columbae Celli and San Felice, the organism of pigeon malaria, which is transmitted 
by the pigeon fly, was found in the vicinity of Washington, D. C. Preliminary in- 
formation on the life history and habits of the insect and methods of combating it 
are given. Thorough cleaning of the pigeon nests at intervals not to exceed twenty- 
five days is advocated in order to destroy the pupae before the flies have had time 
to emerge. Dusting the squabs and pigeons with fresh pyrethrum powder, Derris 
powder, or tobacco powder containing about 6 per cent nicotine kills a large percentage 
of the insects. An aqueous extract of pyrethrum with soap, used as a dip, is effective 
as is also Derris extract, soap, and water. Kerosene extract of pyrethrum, used as 
a light spray, kills the flies in buildings or on the birds. 


The pigeon fly, Pseudolynchia maura Bigot, is a pest of distinct 
importance to pigeon fanciers and commercial squab raisers of this 
country, especially in the southern states. Although known to occur 
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in the United States since 1896, during the summers of 1928 and 1929, 
jt became especially troublesome, and many requests for information 
on control came to the Bureau of Entomology. A few preliminary 
observations on the insect were made at Dallas, Texas, in 1919, and 
during the summer of 1929, studies of its life history and habits and 
tests of control measures were carried out. While the data secured are 
far from complete, the continual spread of the pest and the more serious 
annoyance which it has caused during the present year would seem to 
warrant the publication of the more important facts thus far gained. 


DistrRIBuTION. The pigeon fly is now very widely distributed through- 
out the tropics and warm temperate regions of the world. It appears 
to be commonly present in the Mediterranean countries of Europe. 
It has been reported from Palestine, several localities in India, and the 
Philippine Islands. It is very widely distributed in Africa, having been 
reported from the Transvaal, Rhodesia, Portuguese East Africa, 
Nyasaland, Zanzibar, Belgian Kongo, Algeria, and Mauritius. The 
species is also probably widely distributed in South America, it having 
been reported from Brazil, British Guiana, and Venezuela; also from 
Honduras, Barbados, and Cuba. In the United States, the following 
distribution has been reported or determined by us: Florida, Georgia, 
South Carolina, North Carolina, Virginia, Maryland, District of Colum- 
bia, Alabama, Mississippi, Louisiana, Arkansas, Texas, Kansas, Iowa, 
and California. 

The fact that the flies remain for long periods among the feathers 
of the pigeons makes their transportation over the country very easy, 
and no doubt the contact of birds in pigeon shows gives additional 
opportunity for the introduction of the pest into new localities. 

Hosts. Domestic pigeons are the favored host of the fly, and it has 
been found to occur on many breeds. It has been reported present on a 
ring dove in Nyasaland and also on an owl, Strix flammea, in Portuguese 
East Africa. Many specimens of doves have been examined by agents 
of the Bureau of Entomology, but none was found to be infested with 
this insect. It seems probable, however, that it might live successfully 
on such hosts. The fies frequently bite man, but it has not been deter- 
mined whether they can live continuously or reproduce when fed 
on human blood; in fact, it is often very difficult to induce them to bite 
man. 

Economic IMvortaNnce. The fly is probably most important as a pest 
of pigeons on account of the annoyance caused by its bite, and the blood 
loss sustained when it becomes numerous. Mature birds are worried 
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considerably by it, as is evidenced by their actions. When squabs are 
present the flies tend to congregate on them as soon as the birds are 
sufficiently feathered to give them even slight protection. Not infre- 
quently from 20 to 30 flies may be found on a single squab, and although 
there is no marked evidence of their bites it seems certain that 
the irritation and blood loss must retard the squabs’ development. 
Pigeon raisers report that the rapidity of development and weight of 
their squabs is considerably reduced when the flies are abundant. In 
the squab picking and packing rooms the flies are also a source of 
annoyance to the laborers, who complain of their bites. There is con- 
siderable difference in the susceptibility of individuals to the attack of 
the fly. In some cases bites have resulted in marked swelling, stiffness 
of joints, and soreness in the parts attacked, symptoms which may 
persist for from one to three days. 

The fact that this insect is a necessary agent in the transmission of 
pigeon malaria (Haemoproteus columbae) has been thoroughly estab- 
lished. The unrestricted shipment of pigeons between various countries 
and the ease with which the organisms are transmitted by the flies 
make it probable that the disease is coextensive with the insect. Dr. 
G. F. White and the writer have recently found the organisms in the 
blood of fly-infested pigeons in the District of Columbia and adjacent 
Maryland and Virginia. Pigeon malaria does not produce marked 
symptoms in the birds, but since the red blood corpuscles are often 
heavily infected it is likely that the vitality and condition of the birds 
is lowered, especially at the time of the initial attack. 

Lire History AnD Hasits. The flies spend the greater part of their 
lives among the feathers of the pigeons. They move about with great 
alacrity from one part of the bird to another, and are rather difficult 
to catch. On squabs they are found in greatest numbers at the bases 
of the wings and tail feathers. Their distribution is more general on 
the older birds. They seem to be able to bite on any part of the host 
but prefer the places where the feathers are less dense. Occasionally 
they will fly from the host, especially when it is being held and examined 
and alight on some near-by object. When off the host they are rather 
strongly positively phototropic, but rather the reverse when on the 
pigeons. They regain their host largely by sight, being attracted to 
moving objects. When off the host, especially in a room which is 
not strongly lighted, they are not very active nor are they especially 
easily disturbed. They frequently remain motionless for hours on the 
walls and beams, usually with the head downward. Often, a rather 
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unusual attitude for a dipteron and a rather ludicrous one is assumed, 
the anterior end of the fly being slightly elevated and the fore tarsi 
folded together beneath the thorax, the anterior femora projecting 
at right angles to the body. Mating usually takes place on the pigeon. 
Some time before a pupa is deposited, the male attaches itself by its 
tarsi to the back of the female and remains in this position until a pupa 
is deposited, when copulation takes place. 

The pupae are deposited principally while the flies are on the birds 
and are thus concentrated in the nests. At first they are pale yellow in 
color and the posterior end of the puparium is thickened and darker in 
color. This thickened portion terminates anteriorly in a distinct scal- 
loped margin. The color of the pupae darkens rapidly, and they become 
almost jet black in about three hours. The pupae are ovoid, broadest 
posteriorly, approximately 3 mm. long by 2.5 mm. wide, and slightly 
flattened dorso-ventrally. The surface is shiny and sculptured with 
zigzag lines. The thickened posterior portion is densely punctured 
and without lines. 

The duration of the pupa stage ranges from 29 to 31 days, when the 
mean daily temperature is about 73°F. During the warmer part of 
the year, development is accelerated slightly, and the pupal period is 
longer under lower temperatures. In emerging, the fly pushes open the 
anterior end of the puparium which splits along a definite line around 
the case about one-quarter of the length of the puparium from the 
anterior end. This cap frequently splits in half horizontally at right 
angles to the initial rupture. 


CONTROL SUGGESTIONS 

The comparatively long period spent in the pupa stage, and the fact 
that the pupae are concentrated largely in the pigeon nests, at once 
suggests this point of attack. The thorough and regular cleaning of 
the nests at intervals not to exceed 25 days is probably the most im- 
portant single step in control. The pupae, being almost like shot, will 
roll easily and consequently are found on the floors of the nests, on any 
projecting ledges, and in cracks. Some of the pupae may even roll out 
at the back of the nests and fall to the floor. It is, therefore, advisable to 
begin cleaning the tiers of nests at the top, taking care to thoroughly 
brush off all of the places where the pupae may be found, and finish with 
a thorough cleaning of the floor. There are some practical difficulties 
in the way of accomplishing the thorough and systematic cleaning of 
all nests as it disturbs the birds and may cause some to desert their eggs. 
It is possible, however, by making careful records of the nests which 
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are passed in the cleaning, to return after the eggs have hatched and 
finish the work. 

Tests of a number of insecticides indicate that the pupae are very 
resistant; in fact, dipping them for an instant in pure kerosene destroyed 
only about 35 per cent. Concentrated pyrethrum-kerosene extract 
(5 pounds pyrethrum flowers to 1 gallon kerosene) when used in the same 
way gave 100 per cent kill. Nicotine sulphate 1 to 100, sodium fluoride 
solution, 1 ounce to a gallon of water, and aqueous extract of pyrethrum 
and soap (as recommended for Japanese beetle spraying) had little or 
no effect on the pupae. A thorough treatment of the nest boxes with 
carbolineum resulted in the destruction of some of the pupae deposited 
in the nests thereafter. Keeping pupae on very moist soil appears to 
be detrimental to them and this fact may result in the destruction of 
at least part of those which are dropped by the flies in the yards. 

The question of disposal of the nesting material is one with which 
large pigeon raisers are concerned. This material is valuable as fertilizer 
and preliminary tests indicate that when it is buried under four inches 
of earth no flies will escape. This would suggest the possibility of scatter- 
ing the nesting material and plowing it under promptly. In certain 
plants the nesting material is ground or otherwise prepared for fertilizing 
purposes and in such instances it is possible to prevent the escape of the 
flies by placing the manure in fly-tight houses or bins. The flies may 
be killed with spray as they emerge, or caught in cone flytraps put on 
the tops of the structures 

A number of insecticides have been tested on squabs and pigeons for 
the destruction of the flies and some have been found very effective. 
One of the most effective and easily applied treatments for the squabs 
is fresh pyrethrum powder, one to three pinches, depending upon the 
size of the squab, scattered among the feathers. This gave complete 
destruction of all flies present. Pyrethrum powder is less effective 
when used on grown birds, especially when they are flying about, but 
a thorough dusting kills a large percentage of the flies present. Derris 
powder and tobacco powder containing about 6 per cent nicotine, used 
in the same way, were nearly as effective. Pyrethrum powder applied 
with a dust gun destroyed the flies which were well covered with the dust, 
but it was found difficult to reach all of them on a pigeon or squab 
without using some time in raising the feathers and blowing the dust 
under them. Sodium fluoride and sodium fluosilicate, which have been 
tried by some pigeon raisers, are of little value when used either in the 
form of a dust or as a dip, 1 ounce to a gallon of water. 
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A dip consisting of aqueous extract of pyrethrum, soap, and water 
(about 70 per cent of the strength recommended by Van Leeuwen for 
use against the Japansee beetle) killed all the flies present on squabs 
and mature pigeons. The soapy water aids greatly in wetting the 
feathers and enveloping the bodies of the flies. Two proprietary extracts 
of Derris root used at the rate of 4 ounce and 2 ounces to the gallon 
also gave a complete kill. The slight staining of the feathers from the 
pyrethrum extract, especially on white birds, might be somewhat 
objectionable, but this objection does not apply to the Derris products. 
Nicotine sulphate, 1 to 100, killed a high percentage of the flies, and 
the addition of an ounce of soap to a gallon of water used with this dip 
destroyed all flies. 

Painting the nest boxes with pure nicotine sulphate killed many flies 
but sickened the squabs and killed some of them. 

A number of different materials were tested in the form of sprays 
applied to the flies in cages, in buildings, and on birds. One of the most 
effective was kerosene extract of pyrethrum, 1 pound of pyrethrum to 
1 gallon of kerosene. It was found, however, that it was necessary to 
apply this material very carefully, especially to squabs, since an excess 
quantity of the spray caused burning of the skin and apparently made 
the eyes sore. A very light spray promptly killed all the flies struck. 

When the flies are abundant on squabs which are being picked they 
are soon to be found in great numbers on the windows, walls, and ceiling 
of the killing room. Here they may be readily killed with kerosene 
extract of pyrethrum. Their presence on the picking tables, among 
the feathers, and on the packing tables is less easily dealt with because 
of the objection to having kerosene where it might get on the dressed 
squabs. The aqueous solution of pyrethrum may be used in such places 
without danger, however, as the squabs are usually thoroughly washed 
before being packed. All feathers should be burned promptly after the 
day’s picking is complete. 

Since many pigeon lofts are still free from these pests it is important 
that all breeders who are shipping stock take care to see that such 
stock is free from flies before shipment is made. Thorough dusting with 
pyrethrum powder is effective if flies are found on the birds. A purchaser, 
upon receipt of the birds, might also carry out the same treatment to 
insure exclusion of the flies. 


NATURAL ConTROL. This insect is not much reduced by natural ene- 
mies. Large numbers of pupae have been collected in nests where the 
pupae of house flies showed some parasitism by Spalangia, but in no 
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instance were these or other parasites reared from the puparia of the 
pigeon fly. 

A sarcoptoid mite, probably Myialges species, was found attached in 
great numbers to the abdomens and other parts of the flies on pigeons 
in a loft at Lockhart, Florida. Just what effect this mite has on the flies 
is not known. 

Cold weather is destructive to the insect, and infestations in the 
northern states have been reported to have died out during the winter. 
The insect, however, may breed up to troublesome numbers during 
the summer and fall from flies introduced on stock shipped from the 


South in the spring. 


A METHOD OF PREPARING INSECT MOUNTS 


By Harotp C, Lewis, California Fruit Growers Exchange 


In connection with a fruit fly survey, a study was made by the 
California Fruit Growers Exchange of the scavenger insects occurring 
in fallen and decaying oranges in Southern California. The results of 
this study have been covered in a previous report.' It was then found 
desirable to prepare mounts showing various life stages of not only fruit 
flies but also of the more common scavengers found in fallen and 
decaying oranges. The usual method of so doing would have been to 
place larval, pupal and adult specimens in a riker mount. In this case, 
however, such a means of displaying this material did not seem to be 
entirely suitable. To meet the need a mount was developed which 
presents in an attractive manner the various life stages of a number 
of insects and is relatively simple to prepare. 

Two rows of ten vials are sunk and anchored in an inverted position 
in a hardwood block 10% x 2% x % inches. The front or first row 
vials contain single larval specimens mounted or suspended in a gelatin 
medium. The second row contains pupae and adult stages of each 
species mounted on pins or cardboard points, the pupae placed on the 
pins below the adults. The vials are so arranged that the larva is 
directly in front of the adult of each species. As the vials used are 
relatively small, (homeopathic '% dram short), the various stages are 
presented in bold relief and can be viewed from almost any angle. 

Liquid preservatives were not entirely satisfactory because larvae 
are not readily observed while moving about loose in a liquid mount. 


Handbook of Citrus Insect Control for 1929 and the Mediterranean Fruit Fly,”’ 
Bul. No. 6, California Fruit Growers Exchange, Los Angeles, California. 


Plate 30 


Photograph showing complete mount at bottom. Upper view shows close-up of front row of vials containing 
larvae mounted in gelatine. 
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The method finally developed was suggested by Professor L. J. Much- 
more of the Southwest Museum, Los Angeles, and consists of mounting 
the larvae in gelatin, which adds greatly to the effectiveness of the 
exhibit. This gelatin method of preservation holds the specimen in a 
stationary position in a clear water-white medium, free from bubbles. 
It also preserves the natural color and shape. 

In preparing such mounts either laboratory sheet gelatin (Gold 
Medal) or standardized bacto-gelatin (granular) can be used, although 
the latter is preferred. A ten percent solution is made by dissolving 
3 grams of gelatin in 30 cc of distilled water. The solution of gelatin 
is effected by placing the dry gelatin in water and allow.ng it to swell 
or hydrate for fifteen or twenty minutes. Then the gelatin readily 
dissolves upon heating. If the solution shows a noticeable turbidity 
before the addition of formaldehyde, it usually can be cleared up by 
the addition of a very small amount of a dilute acid. To each 30 cc 
of solution, one ce of 40 percent formaldehyde is added. The re- 
action taking place between the formaldehyde and gelatin forms a 
clear solid medium as it cools. The gel which is formed may be con- 
sidered as a condensation product of formaldehyde and gelatin. 

These proportions should be closely adhered to because a weaker 
solution of gelatin in a short time changes to a milky or cloudy material, 
while increasing the formaldehyde to any extent has the same result. 
An appreciably stronger than a ten percent solution of gelatin tends to 
cloud the transparency of the medium and hardens too rapidly for 
convenient use. 

The specimen is placed in the desired position as the solution hardens. 
Fresh specimens are preferred to uld ones. A two percent solution of 
formaldehyde is used for holding specimens previous to embedding. 
The vial is completely filled by a second application, all bubbles re- 
moved, tightly corked, and sealed with flexible collodion or gel-caps. 
The vial is made air-tight as soon as cooled, otherwise the medium will 
break down, due to liquifying bacteria or to drying. Such a mount sets 
forth the larval specimen in a clear life-like way and maintains the 
natural shape, color and appearance as desired for exhibit purposes. 

Hardwood such as birch has been found satisfactory for blocks. 
These are finished and stained. Two rows of holes are bored to receive 
the inverted vials of specimens which are anchored with liquid paraffin. 
Specimens are numbered by placing gum label numbers on the block in 
front of the first row and back of the second row. On the bottom of the 
block is fastened a typed piece of paper or chart listing the species 
displayed by number. The paper such as drawing paper is covered with 
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a sheet of celluloid and fastened by six or eight staples. A paper clipping 
machine commonly employed for fastening papers together is con- 
veniently used for this purpose. 

The final result presents an effective way of exhibiting the various 
life stages of certain insects. Dipterous larvae particularly are shown 
to advantage by such a method. While it has not been used with the 
egg stage, there is no apparent reason why such a method would not be 
as satisfactory with the eggs as with the larvae. Even for maintaining 
and showing life stages of many insects in class-room work and reference 
collections, the gelatin method should at least serve as a useful addi- 
tion to the usual means of preservation and exhibition. 


NEMATODES PARASITIC ON DIATRAEA SACCHARALIS 
FABRICIUS IN CUBA 
By H. K. PLANK 


Two species of nematode worms were discovered to be parasitic on 
the larva of the sugar cane moth stalkborer (Diatraea saccharalis Fabr.) 
during the course of the investigations of this insect conducted at Central 
Jaroriu, Camagtiey Province, by the Cuba Sugar Club Experiment 
Station of the Tropical Plant Research Foundation since 1925. They 
were encountered only infrequently, in the months of May, June, July, 
and September, and can therefore be considered of little significance 
as factors in borer control in Cuba. However, since one is new on 
Diatraea, the following records may be of interest to other investigators. 


Hexameris meridionalis Steiner 


Specimens of this nematode were observed by the writer issuing from 
larvae of the borer that had been collected in young cane shoots during 
May and June, 1926. It was again recovered by the late T. S. Ross 
and the writer on July 30 and September 28, 1927, when it was seen 
issuing from Diatraea larvae in the tunnels they had made in large 
sugar cane stalks. These specimens were determined as shown above 
by Dr. G. Steiner of the U. S. Bureau of Plant Industry, who appended 
the following note: “This form is known to us from Paraguay; from 
Quakertown, Pa. ex grasshoppers; from various other places in the 
United States, e.g. Nebraska, Illinois, Iowa, Massachusetts, etc. ex 
cricket, Orchelium vulgare, Melanoplus femur rubrum, Melanoplus dif- 
ferentialis, etc.’”' 


1See Steiner, Beitrage zur Kenntnis der Mermithiden 2. Teil. Centralbl. f. Bakt 
u. Parasitenkunde Vol. 62, p. 107-110, figs. 31-34. 
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These worms are about three or four inches long, very slender, and 
of a pale yellow color. When found they were very much curled and 
had issued from larvae that were nearly full-grown. They bear such a 
close resemblance to those mentioned and figured by Rosenfeld and 
Barber? from Tucumdan, Argentina, that the two may be found to be 
identical. In Cuba, Hexamermis can be considered rare as a borer 
parasite. 

Cephalobus elongatus de Man(?) 

This is another nematode which Dr. Steiner determined from ma- 
terial recovered from a Diatraea larva that had been found dead in its 
tunnel by T. S. Ross on July 18, 1927, and that had been submitted 
to the U. S. Bureau of Plant Industry for determination of a fungus 
then growing on it. The question mark (?) is by Dr. Steiner. This is 
the only record, so far as the writer knows, of Cephalobus having been 
found on Diatraea. 


FUNGI ATTACKING D/JATRAEA SACCHARALIS FABRICIUS 
IN CUBA 
By H. K. PLAnk 

Among the first parasites of the sugar cane moth stalkborer (Diatraea 
saccharalts Fabr.) reported from Cuba, one fungous parasite, ‘“Cordyceps 
barbert Tulasne,”’ was listed and figured by Cardin' in 1915. He stated 
that he found it in abundance on the larvae of the borer in some plots 
of cane at the agricultural experiment station at Santiago de las Vegas 
near Habana. During the progress of the investigations of the borer 
conducted by the Cuba Sugar Club Experiment Station of the Tropical 
Plant Research Foundation since 1925, a conidial form thought to 
belong to Cordyceps was found in several other places in the provinces of 
Habana, Camagiiey,’ and Oriente, but it was never very plentiful. 

At various times during the same period other fungi, previously 
unreported, have been discovered growing on both the larvae and the 
pupae of Diatraea. These were found in the examinations of cane made 
at a number of mills in the provinces of Habana, Matanzas, Santa Clara, 


*See Rosenfeld, Arturo H. and Barber, T. C., El Gusano Chupador de la Cafia de 
Azicar. The Sugar Cane Borer. Revista Ind. y Agr. de Tucaman, Ajfio IV, Nos. 
5-8. (Nov., 1913 to Jan., 1914), pp. 331, 332. 

‘See Cardin, Patricio, Informe del Departamento de Patologia Vegetal y Ento- 
mologia. Tercer Informe Anual. Estac. Exp. Agr. Santiago de las Vegas, Habana 
(1915), pp. 112 and 113. 

*See Plank, H. K. Cuban Parasites of the Moth Stalkborer. Proc. 2nd Conf. Int. 
Soc. Sugar Cane Techs. Habana (1927), p. 69. 
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Camagitey, and Oriente, but principally at Central Jaront on the north 
coast of the province of Camagiiey. Larvae nearly full-grown and pupae 
collected during the wet months of the year were more frequently 
attacked. In no case, however, did any of the fungi (including Cordyceps) 
appear to be of any practical importance as a factor in borer control. 
The identified species encountered thus far in Cuba are listed below 
in the order of their abundance as based on the above observations. 
Following each species is the stage of borer attacked and the month or 
months during which found. All determinations, except the first, have 
been made by Vera K. Charles of the U. S. Bureau of Plant Industry. 
Species Stage attacked Period 
Cordyceps barbert Giard Larva and pupa Feb., Apr., May, June 
Aspergillus flavus Lk Nov. 
fumigatus Fres........ Nov. 
“ sydowi B.&S.,T.&C. Oct. 
Larva and pupa  Mar., Apr., June, July, Aug. 
Fusarium sp _ Feb., July, Aug. 


Penicillium luteum “group” May 
March 


Scientific Notes 


Further Results with the McIndoo Insect Olfactometer.—In a preliminary report 


upon our work on attrahents for peachinsects (Jour. Econ. Entomol. 22:98-101), 
mention was made of the fact that the results from the use of McIndoo’s type of 
olfactometer (Jour. Econ. Entomol. 19:545-571) apparently gave no indication of 
what might be expected in the field. Garman and Zappe (Conn. Agr. Exp. Sta. 


Bul. 301) also report their inability to secure consistent results with this type of 


instrument. 
During the summer of 1928 the odorous constituents were extracted from ripe 


Yellow Hiley peaches in the form of a concentrated distillate. This was placed in 
evaporation cups in a peach orchard early in the spring of 1929 in the manner pre- 
viously reported, and showed attractiveness to the plum curculio (Conotrachelus 
nenuphar Hbst.), twelve being caught per pan within a two-week period. 

Curculios were immediately secured, and this distillate tested in the McIndoo 
olfactometer. In a concentrated form it proved an efficient repellent; when diluted 
so that the odor could barely be detected by the writers, it was somewhat less re- 
pellent; further dilution reduced this effect, a point finally being reached where the 
curculios paid no attention at all to the odor. At no dilution did the material act 
as an attrahent. 

These results check those reported in our preliminary paper. It was also reported 
in this same paper that tests with this olfactometer showed that the curculio was 
repelled by peach bark, blossoms, leaves and green fruit, the obvious conclusion then 
being that this insect would not damage peaches. Unfortunately, however, we find 
that during 1929, the peach crop is in danger of being ruined by its attacks. 

OLiver I. Snapp and H. S. Swincie, U. S. Peach Insect Laboratory, 
Fort Valley, Georgia 


Dec., '29 SCIENTIFIC NOTES 985 


Codling Moth Larvae Parasitized by Secodella acrobasidis Crawford. Early in 
July our attention was called, by Mr. Mynderse Van Hoesen, to a case of parasitism 
of codling moth larvae. Mr. Van Hoesen is Vice-President of the Mesa Orchard Co. 
which has an apple orchard of 1400 acres at Mesa, Idaho. He and Mr. Brooks, an 
employee of the company, had noted for two years an apparent scarcity of the cod- 
ling moth. They began cutting into stung apples and frequently found small, dead 
larvae of the codling moth in apples which had received only the calyx spray or no 
spray. Upon closer examination they occasionally observed what appeared to be a 
small larva attached to the body of the dead codling moth larvae and then reported 
their findings to the Experiment Station. Since then we have made frequent trips to 
the Mesa Orchards and with the help of the proprietors have collected and examined 
large numbers of stung and wormy apples. In a number of instances eggs and larvae 
of the parasite have been found attached to dead codling moth larvae, and in two 
instances a tiny chalcid was observed within the burrow in the fruit but it escaped, so 
identification could not be made. The larva appears to be an external feeder 
entirely and the pupa is attached to remains of the codling moth larva. Adults 
reared in laboratory were dete mined as a species of Secodella, apparently 
S. acrobasidis Crawford, by Mr. Gahan, who says further, “Species of Secodella 
attack Argyresthia, Polychrosis, Rhyacionia, but in no case appear to be of any great 
importance. Doubtful if this one will be of any importance in control of codling 
moth.” 

Codling moth infestation is noticeably mild in the vicinity of the Mesa Orchards. 
Doubtless there are many contributing factors and we have no reason to believe that 
S. acrobasidis is of primary importance but any case of parasitism of the codling 
moth is of interest. We will make observations throughout the season in 1930 to try 
to obtain some definite information as to the percentage of parasitism and we are 
rearing our larvae and their parasites from related hosts in the endeavor to establish 
a possible connection. 

CLAUDE WAKELAND, Department of Entomology, University of Idaho 


The Spread of Samia cecropia. Greatly to my surprise, Mr. Paul R. Franke, on 
June 2, 1929, took a male S. cecropia in the Mesa Verde National Park, southwestern 
Colorado. This is a great extension of range. The specimen is remarkable for the 
narrowness of the red and white band on hind wings; and the poor development of 
the sub-basal band on front wings, this being nearer the base and inwardly edged 
with brownish grey instead of white. Before and beyond the sub-basal band is a 
strong ferruginous suffusion. There is a large patch of red beyond the apical ocellus 
on front wings. I do not at present believe that these characters indicate a local race, 
nor do I suppose that the insect has long existed in this region. 

T. D. A. CocKERELL 


Eupelmus from Rose Galls. In April, 1929, Mr. R. Nelson Gardner bred some 
peculiar parasites with rudimentary wings from galls of Rhodites collected at Boulder, 
Colorado. Mr. A. B. Gahan has kindly examined them, and finds that they are 
indistinguishable from the types of Eupelmus coleopterophagus Girault. He suggests 
that there may possibly have been some beetle in the galls, which served as the host, 
but adds that the Eupelmines are by no means specific in their host relations. Ash- 
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mead described a species of Eupelmus (E. rosae) from Rhodites galls in Florida. [ 
learn from Mr. Gahan that this is quite a different insect. The females are easily 


separated thus: 
Wings rudimentary; ovipositor exserted.......... coleopterophagus Girault 
Wings fully developed ; ovipositor not exserted............. rosae Ashmead 


May I suggest that it would be worth while to follow up this matter in different 
parts of the country? The genetics of Rosa are now attracting a great deal of atten- 
tion, and it is of great interest to determine the relations of the various rose insects 
to the species of roses. 


T. D. A. COCKERELL 


Rhynchophorus cruentatus Fab., the Palmetto Weevil, Attracted to Automobile 
Paint. About 6:00 p.m. August 6, 1928, outside Kent’s garage in Sanford, Florida, 
several large beetles were flying around a freshly painted automobile. Some alighted 
on the fenders and crawled about as though attracted by the odor. The painter had 
used an atomizer and thus filled the air with the fumes. The paint appeared to be 
the usual dark colored nitrocellulose lacquer for automobiles and smelled strongly 
like banana oil. The container bore the label: Peerless Black Spraying Lacquer, 
manufactured by Columbus Varnish Company, Columbus, Ohio. For almost one 
week, each evening or late afternoon in fine but partly cloudy weather these beetles 
flew around other freshly painted automobiles in Sanford. Sometimes four or five 
circled about together. Again in August 1929 they exhibited the same behavior. 
Some ingredient of this paint has value as an attractant for these insects. 

CLARENCE O. BARE 
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OFFICIAL ORGAN AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 


DECEMBER, 1929 


The editors will thankfully receive news matter and other items likely to be of interest to our 
readers. Papers will be published as far as possible in the order of reception, except that 
papers of reasonable length may be accepted in the discretion of the editor for early publica- 
tion at $2.50 per page for all matter in excess of six printed pages, a part page counting as 
a fuli page, this limit not including acceptable illustrations. Photo-engravings may be obtained 
by authors at cost. 


Separates or reprints, if ordered, when the manuscript is forwarded, will be supplied to 
authors at the rates given below. Note that the number of es in a reprint may be affected 
somewhat by the make-up, and that part of a page is charged as a full e. Carriage charges 
extra in all cases. Shipment by parcel post, express or freight as directed. 

One hundred separates or reprints at $1.50 per page or plate. Additional hundreds or less, 
4 pages or less, $1.00; 5-8 pages, $1.50; 9-12 pages, $1.75; 13-16 pages, $2.00; 17-24 ges, 
$3.00; 25-32 pages, $4.00. vers suitably printed om first page only, 100 copies, or less, $4.50; 
additional hundreds, or less, $1.75. Plates inserted, $1.75 per hundred or less. Folio reprints, 
the uncut folded pages (50 only), sixteen page signature, or less, $3.00. A discount of 10 per 
cent and 20 per cent from the above prices will be allowed on orders of 500 and 1000 reprints 
respectively. 


ANNUAL SCIENTIFIC MEETINGS: 1929-30, Des Moines; 1930-31, Cleveland; 1931-32, probably New 
Orleans; 1932-33, Chicago; 1933-34, undecided; 1934-35, probably Rochester. 


It is not so many years ago that economic entomologists depended 
for information very largely upon official publications of the Govern- 
ment and various States. This was before the days of the JoURNAL OF 
Economic Entomo.Locy. There has been in the last 20 years a great 
increase in the number of workers in various phases of economic entomol- 
ogy and a corresponding increase in contributions to our knowledge of 
this branch of science with its numerous ramifications touching many 
fields of human activity. The inevitable result has been a large increase 
in the agencies publishing economic literature. This is evident in the 
earlier established serials, such as the Canadian Entomologist, Entomo- 
logical News, The Journal of the New York Entomological Society, Psyche, 
and the Proceedings of the Entomological Society of Washington. Im- 
portant articles on economic entomology occur in general serials deal- 
ing with agriculture and its various phases, forestry and medicine, to 
mention just a few. The extremely valuable articles appearing in the 
publications of foreign countries cannot be overlooked. The economic 
entomologist if he is to keep in touch with developments must be widely 
read along his own line. He owes a distinct obligation to support the 
general entomological serials of his country, and for his own protection 
it is almost necessary that he have available reliable guides to the litera- 
ture, such as the bibliography of American Entomology, the indexes 
of American Economic Entomology, Biological Abstracts, and possibly 
other guides to current literature. The economic entomologist must 
possess in addition to his technical knowledge a very considerable fund 


of general information. 
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The economic value of quarantines has come under question in 
several recent articles. There is a sharply critical discussion of the 
Mediterranean fruit fly situation in the November Sth issue of Science 
in which questions are raised as to the value of quarantines, and the 
suggestion made that the whole question of plant quarantines should 
be impartially studied from biological, sociological and legal points of 
view. A broader discussion of quarantines and the problem of the intro- 
duced insect appeared in the September issue of the Scientific Monthly. 
It is evident that the authors of these papers, both entomologists, are 
frankly skeptical as to the real efficacy of quarantine and large scale 
control measures. It should not be supposed for a moment that those 
in charge of quarantine and control work are blind to obvious defects 
and limitations. It is quite possible quarantine officials are doing 
what they believe to be the best under prevailing conditions. The 
question has been raised as to the economic justification for such restric- 
tions, and in view of the fact that the Federal Horticultural Board 
and its successor, the Plant Quarantine and Control Administration, 
has been functioning for nearly 20 years, that various states have been 
enforcing quarantine regulations for some 25 years or more, and that 
federal and state appropriations for quarantine and large scale control 
work during this period approximate one hundred million dollars, it 
would seem that this new departure in economic entomology, it is 
relatively new, may well be the subject of a comprehemsive and im- 
partial study. The probabilities are that the truth lies mid-way be- 
tween extremes. Such an investigation should be welcomed by the 
supporters of quarantine, since if restrictive measures are of value, there 
would be an excellent opportunity to submit data to that effect. Those 
seeing the defects and limitations would likewise be able to present 
arguments on the other side. This should result in a clearer under- 
standing of the entire situation and presumably a closer agreement as 
to future policy. It should be borne in mind in this connection that 
quarantines originated shortly after the establishment in this country 
of serious pests, at that time not readily controlled, and as a conse- 
quence their advent was feared to a much greater extent than under 
preserit day conditions. Also, earlier quarantines applied to insects 
more readily controlled by such measures. Since these early days, 
there has been a very material increase in our knowledge of control 
measures and yet the fear of possible damage from introduced species 
appears not to have abated to any material extent. The American 
people are victims in a way of entomophobia, which in this particular 
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case may be defined as in some measure an unjustified fear of insects. 
No satisfactory solution of the quarantine problem can be reached with- 
out taking this factor into consideration and adopting measures deter- 
mined only after a full consideration of all economic values. 


Obituary 
FRANK HURLBUT CHITTENDEN 


FRANK HuRLBUT CHITTENDEN was born in Cleveland, November 3, 
1858, graduated from Cornell University in 1881, and was given the 
degree of Doctor of Science by the University of Pittsburg in 1904. 
He joined the Department of Agriculture in April, 1891, and served 
continuously until his death, on September 15. 

Dr. Chittenden was a born entomologist, and always collected insects. 
He was at Cornell during the period when Professor Comstock had 
charge of the entomological work here in Washington; and he therefore 
failed to get the benefit he would have derived from association with 
Comstock. The locum tenens at Ithaca was W. S. Barnard, who was 
not as experienced an entomologist as was Chittenden himself. It 
resulted that the latter did just as he pleased during his last two years 
at Cornell, and this did not please Barnard; consequently, on completing 
his course, he was not given a bachelor’s degree, but only a licentiate. 
After he left Ithaca he lived in Brooklyn, where he was one of the found- 
ers of the Brooklyn Entomological Society and also one of the editors 
of Entomologica Americana. I think that his appointment to Washing- 
ton in 1891 was made through the just organized U. S. Civil Service 
Commission. He was active in the great amount of editorial work 
connected with the publication of Jnsect Life and the bulletins of the 
Division, and soon became greatly interested in the subject of insects 
affecting truck crops and also insects affecting stored foods. In the useful 
bulletin published by the Department in 1896 entitled ‘“‘Household 
Insects,’’ he contributed the important chapter on stored-food insects. 
As time went on he became the chief of a section of Bureau work devoted 
to these two subjects, and built up a strong force, and was the author 
of very many important papers. 

He was a very quiet, studious man, who traveled little and seldom 
attended meetings. But his knowledge of insects was very great. Those 
of us who knew him best here in Washington, and who worked with 
him for very many years, think that he was probably the most learned 
man in America on everything relating to the insects that are found in the 
garden. His special work was in Coleoptera, and since his retirement 
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from the active supervision of his section he had been living quietly 
at his home on Vermont Avenue and working with certain groups of 
beetles in which he was particularly interested. He never married, and 
since the death of his widowed mother a number of years ago, his 
widowed sister, Mrs. Charles J. Jones, lived with him. 

—L. O. Howarp. 


JAMES WALKER McCOLLOCH 


James WaLKEeR McCo.tocu was born at Anthony, Kansas, April 14, 
1889. He died Nov. 11, 1929, at Manhattan, Kansas. He was graduated 
from the Kansas State Agricultural College in 1912, with the degree of 
Bachelor of Science. During his undergraduate work in 1910 and 1911, 
he was employed by the Kansas State Agficultural College as a special 
field agent, and began his entomological investigations on the chinch 
bug, Hessian fly and corn earworm. In 1912 he was appointed assistant 
entomologist of the Kansas Agricultural Experiment Station. It was 
soon discovered that Mr. McCulloch was a man of unusual research 
ability and a good teacher. His bulletin on the chinch bug; circulars 
on the Hessian fly control, chinch bug control, and scientific papers on 
the chinch bug egg parasite, the dust sprays for the control of the corn 
earworm and the dispersal of the Hessian fly by wind, attracted wide 
attention and received favorable comment. His ability and usefulness 
was recognized by the college by promoting him, in 1918, to the position 
of associate professor of entomology in the college, and associate 
entomologist of the Kansas Agricultural Experiment Station. In the 
meanwhile, his research work was expanded to include studies of the 
soil-inhabiting insects, insect ecology, and the resistance of plants to 
insect attack. In these studies he soon established for himself an 
enviable reputation and was regarded by the entomological fraternity 
as one of the outstanding research men in economic entomology. He 
received the degree of Master of Science in 1923. During the absence 
of the head of the Department of Entomology of the Kansas State 
Agricultural College, from 1923 to 1925, Mr. McColloch was acting 
head of the department, acting entomologist of the Kansas Agricultural 
Experiment Station, and acting State Entomologist. Here he demon- 
strated his splendid ability as an executive. In 1925 he was promoted 
to a full professorship. 

Professor McColloch has published many bulletins, circulars and 
scientific papers which are real contributions to our entomological 
science. Probably some of his most outstanding recent publications 
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are his bulletin on the Hessian fly in Kansas, circular on cinch bug 
barriers, and scientific papers on false wireworms, resistance of wheat 
to Hessian fly, and the reciprocal relations of soil and insects. 

Professor McColloch was a person who always took hold of a piece 
of work with the intention of doing it well and it was always well done. 
He was absolutely trustworthy, dependable and loyal. During the 
twenty years that he was connected with the Department of Entomology 
of the Kansas State Agricultural College, he was always willing to 
carry more than his share of the work. He possessed the rare ability 
of quickly analyzing a situation, particularly an insect outbreak, and 
he seldom erred in his judgment. His whole life was one of service and 
he was most happy when serving others. In spite of his pressing duties 
in entomological work, he found time to devote considerable attention 
to his duties in the Masonic Lodge, his work in the Congregational 
Church, his committee work in scientific societies, and the editorial 
work of the Kansas Agricultural Experiment Station, the Journal of 
the Kansas Entomological Society, and Biological Abstracts. 

Professor McColloch was a member and an active worker in the follow- 
ing important scientific societies: | 

American Association for the Advancement of Science, American 
Association of Economic Entomologists, Entomological Society of 
America, American Microscopical Society, Kansas Entomological 
Society, Kansas Academy of Science, Sigma Xi, Phi Kappa Phi, Gamma 
Sigma Delta, Alpha Zeta. 

His earnest desire for economic entomology to develop on that broad 
and constructive plane so necessary for the rendering of the maximum 
service and usefulness was well illustrated by his leading part in the 
inauguration of and the participation in meetings of entomologists, 
such as the North Central States Entomologists, Rocky Mountain 
Conferences of Entomologists, and the Kansas Entomological Society, 
engaged in similar entomological problems. 

His fine generosity and vision of professional service were largely 
instrumental in determining the practice of free interchange of plans of 
investigations and unpublished information on entomological investiga- 
tions conducted by workers interested in the Hessian fly, chinch bug, 
corn earworm, wireworms, white grubs, and other staple crop insects. 

The loss of his fellowship, experience and resourcefulness is incalcul- 
able. In his untimely death, entomology has suffered a real loss and 
his associates and coworkers in the United States, Canada, and many 
foreign countries will feel intimately the loss of his fine personality 
and stimulating influence. 

Geo. A. DEAN 
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Insects, Ticks, Mites and Venomous Animals of Medical and Veteri- 
nary Importance. Part I, Medical, by WALTER Scott Patton and 
ALWEN M. Evans, pages I-X, 1-786, plates 58, figures 374, Entomo- 
logical Department, Liverpool School of Tropical Medicine, England, 
1929. 

This noteworthy contribution to medical entomology replaces Patton and Cragg's 
Textbook of Medical Entomology. It is a volume which cannot but add to the 
prestige of the Liverpool School of Tropical Medicine and one which is practically a 
necessity to medical officers and students of medical entomology throughout the 
warmer parts of the earth, at least. The book has been written primarily for the med- 
ical officers approaching the subject for the first time, and the authors have en- 
deavored to give the essentials, stressing in particular morphology or structure 
and biology, in so far as the latter relates to medical problems. It is really an ampli- 
fied series of lectures and laboratory exercises prepared to meet the requirements 
of the course for the diploma in Tropical Medicine and Hygiene given at Tropical 
Schools and Universities. The course consists of 28 meetings or short lectures 
followed by demonstrations and laboratory work with explanatory notes and draw- 
ings. 

We have in this volume a remarkable contribution to medical entomology, the 
authors having included much descriptive matter which is presumably additional 
to the lectures, though probably used in the laboratory exercises. The detailed 
descriptions are supplemented by a long series of excellent illustrations depicting 
structures which may be used in the identification of the various species. A very 
considerable proportion of the work is naturally devoted to mosquitoes, tsetse flies, 
muscids and other disease-carrying Diptera, and in these sections there may be 
found careful descriptions and illustrations of many dipterous larvae together with 
records as to the part the species play as vectors of disease. The fleas very 
naturally come in for considerable attention and the same is true of body parasites, 
such as lice. The ticks are likewise comprehensively treated. 

The volume is a storehouse of information for all interested in entomology and 
is particularly valuable because of the many descriptions and figures of immature 
stages. It is believed that a well selected bibliography would have added con- 
siderably to the value of the work for most readers. This volume is the first of a 
series. Part II on Public Health by Patton and Part III on Tropical Hygiene by 
Patton and Evans to be ready in 1930, and Part IV, Veterinary by Patton and 
Pillers to be published in 1931. The volume under review is privately published 
and can be obtained only from the Entomological Department of the Liverpool 
School of Tropical Medicine. The price, 20 shillings, is extremely reasonable and 


would be impossible for other than a privately published work. 
E. P. F. 
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Current Notes 


Mr. Arthur Gibson, Dominion Entomologist, attended the International Corn 
Borer Conference held at Toledo, Ohio, on Sept. 25-27. 

On September 12, C. H. Brannon, of the North Carolina State College of Agri- 
culture, visited the Japanese Beetle Laboratory, Moorestown, N. J. 

H. P. Lanchester has been appointed Junior Entomologist, Bureau of Entomology, 
and assigned to work on wireworm investigations at Parma, Idaho. 

On August 26, Dr. Shiro, Professor of Biochemistry, University of Cincinnati, 
Ohio, visited the Japanese Beetle Laboratory, Moorestown, N. J. 

Dr. C. I. Bliss, Bureau of Entomology, of the New Orleans, La., field laboratory, 
visited the field laboratory at Biloxi, Miss., on September 9. 


Dr. W. J. Phillips, Bureau of Entomology, in charge of the field laboratory at 
Charlottesville, Va., spent September 5 in the Washington office. 


Messrs. R. E. Fitzpatrick and W. Dickison, temporary Insect Pest Investigators, 
Entomological Branch, terminated their appointments on Sept. 21 and Oct. 16, 
respectively. 

R. A. Fulton has been appointed Agent, Bureau of Entomology, to undertake 
chemical studies on the sugar-beet leafhopper at Twin Falls, Idaho. 

Mr. N. R. MacLeod, Entomological Branch, temporary Insect Pest Inspector, 
terminated his appointment at the end of September to resume studies at Macdonald 
College. 

T. H. Jones and C. F. W. Muesebeck, of the Gipsy-Moth Laboratory, Melrose 
Highlands, visited the Bartlett Tree Research Laboratories at Stamford, Conn., on 
September 23. 

H. H. Schultz, Statistician, Bureau of Agricultural Economics, Austin, Tex., was 
a visitor to the Bureau of Entomology field laboratory at Tallulah on September 17. 


Ralph Mathes has accepted an appointment as Junior Entomologist, Bureau of 
Entomology, for duty at the Monroe, Mich., corn borer laboratory, effective 
August 5. 


In mid-September, Mr. S. H. Short, Entomological Branch, spent several days in 
southern Quebec, in connection with gypsy moth scouting in that region. 


Mr. George Hopping, Entomological Branch, recently supervised some airplane 
dusting experiments in the control of the hemlock looper in the Indian river district, 

Mr. McT. Cowan, Entomological Branch, has been collecting rodents and making 
ecological notes in the Black Pines district, in connection with the tick survey. 


C. F. Stahl has been reinstated as Entomologist, Bureau of Entomology and 
assigned to work on the problem of the strawberry root aphid at Chadbourn, N. C. 


A. J. Salle has been appointed temporary agent, Bureau of Entomology, and 
assigned to work at Berkeley, Calif., in connection with investigations of the sugar- 
beet leafhopper. 
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Mr. E. B. Watson, Entomological Branch, has just completed an extensive survey 
of the hemlock looper infestation along the north shore of the St. Lawrence river. 


Mr. Donald McCreary, a graduate of Iowa Wesleyan College, Mt. Pleasant, Iowa, 
has accepted a fellowship to do graduate work at the University of Maryland. 


Mr. G. H. Hammond, Entomological Branch, is making an intensive study of a 
heavy white grub infestation which has developed in southern Quebec in the Hem- 
mingford region. 

H. E. Wallace, Bureau of Entomology, has been transferred from Twin Falls, 
Idaho, to Riverside, Calif., where he will inaugurate work on the sugar-beet leaf- 
hopper. 

Dr. Melville H. Hatch of the Department of Zoology, University of Washington, 
was a visitor at the Entomological Branch, Victoria B. C. laboratory in the latter 
part of August. 

In September appointments as Junior Entomologist, Bureau of Entomology, were 
given Merrill M. Darley, for duty at Salt Lake City, Utah, and Sam O. Hill, for 
duty at Arlington, Mass. 

Mr. R. H. Handford, Entomological Branch,-temporary Insect Pest Investigator, 
at Treesbank, completed his appointment on Sept. 20, and returned to the Manitoba 
Agricultural College to resume his studies. 

George G. Ainslie, Collaborator, Bureau of Entomology, formerly of the field 
laboratory at Knoxville, Tenn., spent August 27 to 31 at the Washington office, in 
conference and in preparation of manuscript. 

Messrs. W. E. Heming and W. E. Lindsay, temporary Junior Entomologists, and 
Mr. J. A. Adams, temporary Insect Pest Investigator, Entomological Branch, 
terminated their appointments on Sept. 8, 14 and 10, respectively. 


F. S. Chamberlin, Bureau of Entomology, of the field laboratory at Quincy, Fla., 
visited Washington, D. C., September 16 and 17, to confer with Bureau officials 
regarding his work on tobacco insects. 


On September 14, Dr. W. V. Balduf, of the Department of Entomology, University 
of Illinois, visited the Japanese Beetle laboratory, Moorestown, N. J., to inspect the 
parasite work carried on there. 

C. T. McCoy, F. A. Haasis, and C. E. Post have been appointed temporary field 
assistants, Bureau of Entomology, for duty at Twin Falls, Idaho, Berkeley, Calif., 
and Las Cruces, N. M., respectively. 

H. K. Plank, of the Tropical Plant Research Foundation, Central Baragua, 
Baragua, Camaguey Province, Cuba, consulted with severai of the specialists in the 
Taxonomic Unit, National Museum, on August 6 and 7. 


C. R. Neiswander of the Corn Borer Laboratory of Oak Harbor, Ohio, is spending 
some time at Wooster where he is preparing a bulletin on the ecology of corn insects. 


Mr. W. A. Squires, temporary Insect Pest Investigator, Entomological Branch, 
completed his appointment with the Branch, on Sept. 21, and returned to Ohio 
State University as Assistant in Zoology and Entomology. 
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Dr. Clarence E. Mickel, Division of Entomology, University of Minnesota, was at 
Washington, D. C., during the summer months on a temporary appointment with 
the Division of Taxonomic Investigatons, Bureau of Entomology. 


Dr. Alvah Peterson, Professor of Entomology, Ohio State University, spent several 
days at the Japanese Beetle Laboratory, early in August, working over data on 
certain parasites of the oriental peach moth. 


Mr. A. R. Graham, Entomological Branch, is investigating the larch sawfly situ- 
ation in northwestern Ontario, and making collections of cocoons in areas where the 
parasite, Mesoleius tenthredinus is known to occur. 


Scouting for the Mexican bean beetle in Ontario, revealed the insect at only four 
points in the Province, one of these was Guelph, where the insect had not previously 
been found. 


On September 3, Samuel A. Summerland was apointed Junior Entomologist. 
Bureau of Entomology, and assigned to duty at Bentonville, Ark., where he will be 
ass>ciated with A. J. Ackerman in investigations of apple insects. 


Messrs. M. L. Prebble of the Fredricton Laboratory and J. B. Sheldon of the 
Mericale Laboratory, Entomological Branch, completed their period of employment 
as temporary Insect Pest Investigators on Sept. 30 and Sept. 23, respectively. 


Dr. W. S. Cooper of the University of Minnesota, was a visitor at the Saskatoon 
Laboratory, making a study of the plant ecology of the region, in company with 
Mr. K. M. King, Entomological Branch. 


L. L. Urich, Mechanical Engineer, with headquarters at Tallulah, and G. M. Stone, 
temporary Field Assistant, with headquarters at Florence, S. C., were appointed and 
reported for duty in September at these Bureau of Entomology Field Laboratories. 


J. E. Dudley, Jr., Bureau of Entomology, of the field laboratory at Madison, Wis., 
visited Washington, D. C., September 12 and 13, to confer with Bureau Officials 
regarding his work for the past season on the pea aphis. 


Among recent visitors at the Gipsy-Moth Laboratory, Melrose Highlands, were 
Dr. W. V. Balduf, University of Illinois, September 7, and John Hadjinicolaon, 
Athens, Greece, and D. W. Jones, of the Corn-Borer Laboratory, Arlington, Mass., 
September 18. 


W. H. Larrimer, Bureau of Entomology, spent August 28 to 31 at the field labora- 
tory at Lafayette, Ind., in consultation with C. M. Packard and Prof. J. J. Davis 
regarding a manuscript on the Hessian fly in the State of Indiana. 


Messrs. L. S. McLaine and W. N. Keenan, Entomological Branch, left Ottawa on 
Aug. 25, on an inspection trip to the Maritime Provinces, where they visited the 
various inspection districts, and localities where the European corn borer has ap- 
peared. 


Resignations have been accepted from D. M. DeLong, F. W. Fletcher, D. F. 
Miller, and R. W. Brubaker, who have been serving as temporary field assistants, 
Bureau of Entomology, in order that they might return to duties at the Ohio State 
University. 
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T. P. Cassidy, Bureau of Entomology, left Tallulah September 22 for return to the 
field laboratory at Tucson, Ariz. He planned to visit en route several points in 
Oklahoma where cooperative experiments on the boll weevil are being conducted. 


The temporary appointments as field assistants, Bureau of Entomology, of L. L. 
Odom, H. Rosen, J. H. Lilly, O. W. Rosewall, L. Jones, R. W. Dean, J. F. Roe, 
G. H. York, J. F. Bock, P. M. Eide, A. C. Cole, Jr., H. L. Wiseman, and H. A. 
Waters, have been terminated. 

Visitors to the Bureau of Entomology field laboratory at Fort Valley, Ga., in 
September included Dr. S. B. Fracker and G. W. Davidson of the Plant Quarantine 
and Control Administration, and W. C. Bewley, general manager of the Georgia 
Peach Growers’ Exchange. 

O. I. Snapp, Bureau of Entomology, Entomologist in charge of the field laboratory 
at Fort Valley, Ga., for the study of peach insects, visited Washington during the 
week of August 20 to discuss plans of work for the coming season. 


P.K. Harrison, Junior Entomologist, Bureau of Entomology, who has been stationed 
at Picayune, Miss., and employed with this division for more than three years, 
resigned September 8, in order to pursue work towards a master’s degree at the 
University of Maryland. 

Dr. F. C. Craighead, Bureau of Entomology, returned about the middle of August 
from a trip of inspection of the western field laboratories. About 10 days were spent 
in Idaho and Montana, and a similar length of time in northeastern California. 


Dr. F. C. Craighead and Dr. H. J. MacAloney, Bureau of Entomology in charge 
of the field laboratory at Amherst, Mass., were at the Gipsy Moth laboratory on 
August 27 and 28. Dr. Craighead discussed the Laboratory projects with various 
members of the staff. 

Dr. W. H. W. Komp, U. S. Public Health Service, Greenwood, Miss., and Dr. 
E. P. Coffey, U. S. Public Health Service, Washington, D. C., called at the taxonomic 
unit, Bureau of Entomology, September 26 to discuss mosquito problems with the 
bureau specialist on Diptera, C. T. Greene. 


H. G. Butler, Assistant Entomologist, Bureau of Entomology, who is associated 
with Dr. P. M. Gilmer in investigations of apple insects at Wichita, Kans., attended 
the sixth annual meeting of the Rocky Mountain Conference of Entomologists, held 
at Pingree Park, Colo., August 19 to 24. 

Dr. F. Silvestri, of the R. Scuola Superiore di Agricoltura, Portici, Italy has been 
appointed Associate Professor of Entomology at the University of Minnesota for the 
spring quarter, 1929, and during that time will give a series of lectures in Advanced 
Economic Entomology. 

L. A. Stearns resigned his position with the Department of Entomology of the 
Ohio Agricultural Experiment Station at Wooster, effective November Ist. He has 
accepted the position of State Entomologist of Delaware and has now entered upon 
his duties at his new station. 

About thirty visited the plots of the Department of Entomology of the University 
of Maryland at Beltsville on September 18th to learn of the effects of twenty-two 
applications of dusts and sprays for the control of the Mexican bean beetle. 
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Mr. J. M. Rasek of the Moravian Research Institute for Plant Pathology, Brno, 
Czechoslovakia has been awarded the Caleb Dorr Fellowship at the University of 
Minnesota and is spending the year at University Farm, St. Paul, Minnesota in 


graduate work in Entomology. 


W. L. Baker, who graduated from the Clemson Agricultural College in 1927, and 
who has since then taken postgraduate work at the University of Minnesota, was 
given a probationary appointment as Junior Entomologist, on September 16, report- 
ing for work at the Gipsy-Moth Laboratory. 


Mr. A. B. Baird, Entomological Branch, accompanied Mr. Arthur Gibson, Do- 
minion Entomologist, on an inspection trip through south-western Ontario during 
the latter part of August, to survey the corn borer and peach moth situation in 
connection with the development of parasite work. 


R. A. St. George, Bureau of Entomology, reports from Asheville, N. C., that the 
southern pine beetle has been particularly abundant this year. The dry season has 
apparently been favorable to it, and local outbreaks have occurred in many places 
from Virginia south through the Piedmont region. 


Dr. Roger C. Smith, formerly head of the Department of Entomology in Service 
Technique, will spend the next year in Administrative work. He will continue as 
Director of Ecole Centrale, which is the Agricultural College, and for three or four 
months will be Director General Adjoint p. i. 


Employees resigning in September from the Bureau of Entomology Cotton Insect 
Investigations were E. W. Dunham, Associate Entomologist, and W. A. Brunson, 
R. W. Bunn, J. A. Downs, L. D. Christensen, V. C. Howell, C. F. Rainwater, Josh 
Randolph, B. C. Stephenson, J. G. Shaw, K. H. Smith, and H. D. Tate, temporary 


field assistants. 

Mr. G. M. Stirrett, Entomological Branch, visited Ottawa, Sept. 17-20, to discuss 
various problems in relation to his work. Mr. Stirrett reports that among the visitors 
at the laboratory during early September were Messrs. D. J. Caffrey and K. W. 
Babcock, of the United States Bureau of Entomology. 


Dr. S. A. Jones and Jas. A. Becker, Statisticians, Bureau of Agricultural Economics, 
were visitors to the Bureau of Entomology field laboratory at Tallulah on September 
17, in the course of their tour of the Cotton States in the investigation of effects of 


the boll weevil on cotton yields. 


Infestation record work in Ontario in connection with the European corn borer 
has been completed, and the data are now being studied. Scouting work in the 
Maritime Provinces has shown that the borer has become established in a number of 
districts in Nova Scotia and New Brunswick. 


On August 26, seventeen members of the Philadelphia Horticultural Society visited 
the Japanese Beetle Laboratory at Moorestown. The work of the three major 
divisions was explained to them, E. R. Van Leeuwen telling them about beetle in- 
_secticides, J. K. Holloway about parasites, and Max Osburn about soil insecticides. 


Dr. Philip Garman, of the Connecticut Agricultural Experiment Station, spent 
several days late in July collecting strawberry leafroller larvae at theJMoorestown 
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(N. J.) Laboratory, Bureau of Entomology. He obtained 7,000 heavily parasitized 
larvae, and hopes to get a heavy emergence of Macrocentrus ancylivora for liberation 
in orchards in Connecticut. 


M. C. Lane, Bureau of Entomology, in charge of the field laboratory at Walla 
Walla, Wash., attended a conference of the Governors of the Western States at Salt 
Lake City, Utah, on August 26 and 27 where he delivered a talk on wireworms as 
pests on the irrigated lands of the West. 


J. C. Elmore, Bureau of Entomology, of the field laboratory at Garden Grove, 
Calif., visited points in New Mexico and Texas early in September to make ob- 
servations on the pepper weevil and to arrange for certain cooperative experiments 
on this insect with the entomologists of the New Mexico State College. 


G. J. Haeussler, Bureau of Entomology, who recently sailed for Europe in search 
of parasites of the oriental peach moth, is now located at Antibes, Alps Maritimes, 
France. He reports finding plenty of indications of infestation in peach, with the 
season too far advanced for much rearing of parasites this year. 


On August 27, R. W. Caird, plant physiologist, who has been employed at the 
Bureau of Entomology field laboratory at Asheville this summer, fell out of the top 
of a pine tree which he was examining, and sustained a fractured pelvis. He will be 
laid up for two or three months. 


Dr. T. B. Mitchell, of the department of zoology and entomology, North Carolina 
State College, at Raleigh, went to Washington August 1 and 21 to examine certain 
types of bees of the genus Megachile in the National Museum collection. He has in 
progress a revision of the North American species of this genus. 


Visitors at the Gipsy Moth Laboratory, Bureau of Entomology, in August included 
K. A. Bartlett, of the corn-borer field laboratory at Arlington, Mass., August 26 and 
W. A. Osgood, engaged in work on moths for the New Hampshire Department of 
Agriculture and C. C. Plummer, of the entomological department of the University 
of New Hampshire, August 29. 


H. S. Barber, of the Bureau of Entomology staff, Taxonomic Division, spent much 
of August sorting out specimens of insects at the Brooklyn Museum, including many 
types which are being brought to Washington. These are to be associated with the 
National Museum collections, where they will be available to the Bureau taxonomic 
specialists and other workers. 


George Edward Spencer, Associate Entomologist, engaged in physiological work 
at the Japanese-Beetle Laboratory, Moorestown, N. J., died August 29, shortly after 
an operation for cancer of the stomach. Mr. Spencer had been associated with the 
work of this laboratory for the last seven years. He is survived by a wife and three 
small children. 


From parasite-infested material collected from the Oriental Peach Moth laboratory 
at Moorestown in June, Prof. J. J. Davis of Purdue University, reports that 500 
Macrocentrus ancylivora were obtained for liberations in orchards in Indiana, and 
that 22 per cent parasitism of this species has already been obtained in collections 
made for recovery of the parasite. 


Dr. Frank E. Lutz, curator of entomology, and A. E. Butler, assistant chief of the 
department of preparation, of the American Museum of Natural History, New York 
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City, were at the Bureau of Entomology, Delta Laboratory, Tallulah, La., Septem- 
ber 22 to 26, selecting for the Museum some material for an exhibit of the cotton-boll 
weevil and its work. 

J. S. Houser and H. F. Dietz, Ohio Experiment Station, Wooster, were in New 
York City on October 28 and 29 for a conference in connection with investigational 
work being conducted in cooperation with the Crop Protection Institute. They also 
visited the Boyce-Thompson Institute at Yonkers where they inspected greenhouse 
construction with special reference to adaptability for work in insect ecology. 


Oliver I. Snapp, Bureau of Entomology, was in Washington in the latter part of 
August for conferences relative to peach-insect work in the South. Before returning 
to his headquarters at Fort Valley, Ga., he visited the field laboratory at Moorestown, 
N. J., to observe the work being conducted there on the oriental fruit moth and the 
Japanese beetle. 

Mr. H. G. Ahrens, from the University of Wisconsin and Mr. Erdman Braun 
from the University of Manitoba have accepted positions with the Beekeeping 
Section of the Division of Entomology of the University of Minnesota. They will 
devote part of their time to teaching and part to working for advanced degrees, 
doing their research in Apiculture. 


At a meeting of peach growers in Macon, Ga., on September 24 to discuss control 
measures for peach pests and adopt a program of work, Oliver I. Snapp, Bureau of 
Entomology, spoke on the curculio and other peach insects which had severely 
damaged the peach crop in the past year. Two hundred Georgia peach growers 
attended this meeting. 


During the latter part of September, Mr. McLaine, Entomological Branch, at- 
tended the International Corn Borer Conference at Toledo, Ohio and Windsor, Ont., 
and visited the corn borer infested area in northern Ohio and the parasite laboratory 
at Monroe, Mich. Before returning to Ottawa he paid a visit to the inspection ports 
at Windsor, Niagara Falls and Toronto. 


Dr. H. L. Dozier, formerly State Entomologist of Delaware, who has accepted a 
position as head of the entomological work in the Department of Agriculture, Re- 
public of Haiti, visited the Bureau of Entomology, Washington, September 12 and 
20 to make notes on type specimens of certain Chalcidoidea, particularly the Myr- 
maridae, and to copy portions of the card catalogue of the family. 


J. C. Evenden, Bureau of Entomology, reports that an unusually large number of 
calls have been made for examination of forest areas infested by Dendroctonus monti- 
colae. This insect has increased rapidly during the past year, especially in forests 
of the white-pine type, and recommendations have been made to the Forest Service 
that several large control projects be undertaken. 


Mr. Paul D. Sanders, of the Extension Service, University of Maryland, made an 
extensive trip through the southern part of the United States for the purpose cf 
studying the method of controlling the Mexican bean beetle. Mr. Sanders ac- 
companied Mr. A. D. Radebaugh of the American Can Company. They stopped for 
several days in Florida to inspect the fruit fly situation. 


L. G. Baumhofer, Bureau of Entomology, reports that a large number of Campo- 
plex individuals have been reared and introduced into more remote regions of the 
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Halsey, Nebr., plantations, where the tip moth is abundant. Campoplex is an 
eastern parasite of the tip moth; it has been successfully established in these planta- 
tions at Halsey, and is doing very effective work. 


In connection with his membership in the Department Pecan Committee, Dr. 
B. A. Porter, Bureau of Entomology, visited in the month of September the pecan- 
insect field laboratories at Albany and Experiment, Ga., Shreveport, La., and 
Brownwood, Tex. On his return trip Dr. Porter stopped off for a short visit to the 
field laboratories at Wichita, Kans., Bentonville, Ark., and Vincennes, Ind. 


Satin moth scouting work in British Columbia carried out by the Canadian 
Division, under the direction of Mr. R. Glendenning, Entomological Branch, was 
completed in August. This work resulted in finding several new infested districts 
in the Lower Fraser valley, and on the Pacific Coast and Vancouver island. The 
infestations varied from moderate to severe, affecting native cottonwoods, poplars 
and willows. 


Dr. R. N. Chapman, Chief of the Division of Entomology and Economic Zoology 
at the University of Minnesota, sailed for Honolulu, Hawaii on September 7th. Dr. 
Chapman was requested to visit Hawaii by the Pineapple Growers Experiment Sta- 
tion and to consult with them regarding the possible insect carriers of pineapple 
diseases. He will return to the University of Minnesota about December first. 


Messrs. E. P. Venables and A. A. Dennys, Entomological Branch, spent August 
16-26, in the Hood River, Yakima and Wenatchee fruit districts, largely in con- 
nection with woolly apple aphis and perennial canker infestations. During the early 
part of September, Mr. Dennys spent some time in the Summerland, Penticton, and 
Keremeos districts collecting insects pollenizing asters, in order to secure information 
on the cross-pollenation occurring in aster varieties. 


The Oriental Peach Moth Laboratory at Moorestown, N. J. is cooperating with 
the field laboratory at Vincennes, Ind., and the State entomological services of 
Indiana and Connecticut, in making experimental liberations of Macrocentrus 
ancylivora in peach districts newly infested with the oriental peach moth. Over 
3,000 adult parasites have been shipped to these points, and have arrived at their 
destination in good condition, with low mortality in transit. 


Dr. H. W. Allen and A. C. Hodson, Bureau of Entomology, who have been in- 
vestigating the influence of parasitism on infestation by the oriental peach moth in 
New Jersey, have found the parasitism of twig-infesting larvae to have been very 
high, in some collections reaching 100 per cent. The infestation of fruit up to 
August 25 had not exceeded 11 per cent, including both visible and invisible injury, 
for any variety. 

Mr. A. B. Baird, Entomological Branch, reports satisfactory progress in the 
breeding and liberation of various species of parasites. Considerable numbers of 
Macrocentrus ancylivora, an imported parasite of the peach moth, have been re- 
covered from peach moth larvae in localities where the parasite has been liberated. 
Shipments of A phelinus mali, a parasite of the woolly apple aphis, have been sent 
to Vernon, B. C., where they were liberated in infested orchards. 


During the latter part of August, Mr. H. G. Crawford, Entomological Branch, 
passed through the agricultural area along the north shore of Lake Superior and 
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Lake Huron, and made a survey of the root maggot injury to swede turnips in the 
Rainy River, Thunder Bay, Algoma, and Sudbury districts, Ont., and on Manitoulin 
island. The turnips in some localities were 100 per cent infested, resulting in serious 
loss to the crop. 

During September, Dr. J. M. Swaine, Entomological Branch, spent some time in 
Nova Scotia, in connection with the outbreak of the black headed tip moth, Peronea 
variana. On the return journey to Ottawa, he visited Quebec City and conferred 
with officials of the Quebec Forest Industry Association regarding airplane dusting 
in forest insect control. Dr. Swaine again left Ottawa for Nova Scotia on Oct. 3, 
to continue investigations on the Peronea variana infestation. 


Dr. J. M. Aldrich, of the staff of the U. S. National Museum, returned to Wash- 
ington on August 23, after spending three months in Europe on entomological work. 
In the course of his trip Dr. Aldrich examined type specimens of many flies in 
various museums, including the British Museum and the museums in Stockholm, 
Copenhagen, and Paris, and in private collections, including those of Collins in 
England, Lundbeck in Denmark, and Villeneuve near Paris. 


L. G. Baumhofer, Bureau of Entomology, closed up the season’s activities at 
Halsey, Nebr., in September. He reports most gratifying results from the intro- 
duction of an eastern parasite (Campoplex sp.), in the control of the infestation by 
the pine tip moth in Forest Service plantations. The percentage of parasitism of 
the tip moth has been increased from around 15 to 20 percent to over 80 percent, 
and already the effect is indicated by more normal growth of the pines. 


The University of Minnesota has just purchased the Apicultural library of Rev. 
Francis Jager, St. Bonifacius, Minnesota. This is one of the most complete collections 
of books and periodicals pertaining to beekeeping that has ever been gathered to- 
gether in this country. It is particularly rich in the number of old and rare German 
works. The University has also just purchased a complete set of the Bee World 
from Mr. Frank Pellett, Associate Editor of the American Bee Journal. 


Mr. Paul D. Sanders of the Extension Service, University of Maryland, is on leave 
of absence until February 15, 1930, in order to complete his residence for his Ph.D. 
degree at the Bussey Institution, Harvard University. Mr. Sanders took half of his 
year’s leave during the winter of 1928-29, and is completing it this winter. He is 
now at the Tropical Station of Harvard University, located at Soledad, Cuba, and will 
return to Forest Hills, Massachusetts, about November 15th. 


Raymond L. Taylor, who received his doctor’s degree from the Bussey Institution, 
Harvard University, last June, has, since then, been in charge of the Entomological 
Laboratory at Bar Harbor, with the rank of Assistant Entomologist in the Main 
Forest Service. The principal research at this laboratory has been on the bionomics 
of the birch leaf mining sawfly, Phyllotoma nemorata (Fallen). Dr. Taylor’s thesis 
on the white pine weevil and a study of its parasites will appear shortly in Ento- 
mologica Americana. 

Doctor F. C. Craighead, Bureau of Entomology, spent the first week in September 
inspecting the field work at Asheville, N.C. R. A. St. George has been in charge of 
the field laboratory there since J. A. Beal left it. Considerable progress has been 
made with technique for injecting poisons into trees infested with Dendroctonus. 
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Under certain conditions it is now possible to kill the development broods of this 
beetle, but the method is not sufficiently practicable for control operations on a 


large scale. 

W. R. Walton, Bureau of Entomology, made a tour of inspection of the corn-borer 
research work and general conditions in Ohio, Michigan, and southern Ontario, 
Canada, duting the period September 18 to 21 inclusive. Accompanied by D. J, 
Caffrey he visited the laboratory and developmental farm at Toledo, Ohio, and thé 
experimental plats and laboratory at Sandusky, Ohio, and examined the general 
laboratory and parasite work conducted at Monroe, Mich. One day was spent 
inspecting the conditions of infestation in Kent and Essex Counties in Ontario. 


In mid-September, at the request of local farmers, Mr. H. G. Crawford, Entomo- 
logical Branch, gave a series of addresses on corn borer control in several localities 
in Carleton county, Ontario. Mr. Crawford also attended a conference of corn 
borer inspectors of eastern Ontario at Toronto, on Sept. 20, and the conference of 
Society Committees on corn borer investigation and control, held at Toledo, Ohio, 
Sept. 25-27. As part of the proceedings of the latter conference a tour was made 
through parts of the infested area in the States of Ohio and Michigan and in Essex 


county, Ont. 

Dr. W. H. Larrimer, Bureau of Entomology, spent September 20 to 28 in the 
vicinity of Toledo, Ohio, and Monroe, Mich., on business relating to the meetings 
of the Joint Committees on corn-borer research. These committees held their regular 
conference at Toledo, September 25 to 28. Various State regulatory officials were 
invited to attend the conference, together with well-known farmers and educators 
from various parts of the Corn Belt. No general conference was held this year. 
However, arrangements were made to receive individuals or groups at 615 Front 
Street, Toledo, the headquarters for corn-borer control, and direct them over the 
corn-borer area very much as has been done heretofore. 


Through the intermediary of the brazilian Ambassador and the Secretary of State 
of the United States, the Secretary of Agriculture was requested to suggest the name 
of a specialist capable of locating, organizing, and conducting an agricultural college 
on the “United States plan.”” Dr. P. H. Rolfs, formerly Director of the Agricultural 
Experiment Station and Dean of the Florida State College of Agriculture, was 
selected for this important mission. During the 11 years in which Doctor Rolfs 
has been administrative head of the college it has made great progress, and in the 
‘ year about to begin special courses in entomology, apiculture, animal husbandry, 
and plant pathology are to be organized. 

Messrs. Miller, Keen and Person, of the Bureau of Entomology field laboratory 
at Palo Alto, spent a week in September with several officers of the Forest Service 
in an experimental marking area on the Modoc National Forest, Calif. A consider- 
able body of timber on this forest was sold last year because of the infestation by 
insects. Part of the area will be marked so as to leave after cutting only those trees 
which are considered not susceptible to the attack of the western pine beetle. This 
will consistute the first real attempt on a large scale to put into effect the results of 
experimental studies of the past three years. 

C. F. W. Muesebeck, of the Gipsy-Moth Laboratory, Bureau of Entomology, was 
in Maine, September 26 to 28, where, in company with H. B. Peirson, Forest Ento- 
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mologist of that State, he saw some of the investigational work that Mr. Peirson is 
carrying on with a birch leaf-mining sawfly, Phyllotoma nemorata Fall. Extremely 
heavy infestations by this foreign pest were first reported from Maine by Mr. Peirson 
in 1927. Reports received at the Gipsy-Moth Laboratory in September indicated 
that it was very abundant in the White Mountain section of New Hampshire and in 
the vicinity of Marlboro, Vt. The species was also reported from certain other sec- 
tions of New Hampshire, Vermont, and Massachusetts. 


Recoveries of two tachinid parasites of the gipsy moth, made during the summer 
of 1929, at the Gipsy Moth Laboratory, indicate for the first time that these species 
have become established in New England. One of them, Sturmia inconspicua Meig, 
besides being a parasite of the gipsy moth in Europe, attacks a number of sawflies, 
including Diprion simile Hartig, which is now present in certain of the Northeastern 
States. The other, Phorocera agilis, R. D., is one of the most important insect 
enemies of the gipsy moth in Europe. Shipments of Sturmia inconspicua were re- 
ceived at the Gipsy-Moth laboratory as early as 1906, and Phorocera agilis was first 
received in 1907. Especially during the past five years rather large numbers of 
adults of both species have been colonized. 


Doctor T. E. Snyder, Bureau of Entomology, returned to Washington on Septem- 
ber 18, after attending the meetings of the Termite Investigations Committee, under 
the auspices of the University of California, at Berkeley, Calif., September 1 to 4. 
The termite problem in California is becoming serious, and the State is fortunate in 
having such a committee to cooperate with the Pacific Coast Building Officials’ 
Conference, the country Agricultural Commissioners, and the State Department of 
Agriculture, in their efforts not only to protect buildings from damage by termites 
but also to protect citizens from ignorant or fraudulent commercial operators in the 
control of these insects. All operators now doing commercial work in termite control 
in eight of the southern counties of California are required to pass an examination 
on their ability and, after examination by county officials to present a certificate 
that they are qualified. Considerable work is being done by the Termite Investi- 
gations Committee in fundamental studies of the distribution, biology and control 
of termites. 


Announcement is made of the retirement of Professor R. A. Cooley, State College, 
University of Montana, Bozeman, as Head of the Department of Entomology, 
Experiment Station Entomologist, State Entomologist of Montana and Secretary of 
the State Board of Entomology. After thirty years’ service in Montana, at his own 
request he retires as Head and continues as Research Professor in Entomology and 
Entomologist in the Board of Entomology. While this will effect a release from 
executive duties, it will also enable Professor Cooley to devote more attention to the 
discovery of tick parasites in foreign countries and to their possible use in controlling 
the Spotted Fever Tick in the Northwest, problems to which he has been giving 
special attention during the past two years. The new arrangement will be effective 
January 1, 1930. 


Messrs. John C. Schread and W. Theodore Brigham, graduates of the Connecticut 
Agricultural College, have been appointed to positions in the work of rearing par- 
asites for the Oriental peach moth at the Connecticut Agricultural Experiment 
Station, New Haven. 
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The following entomologists have recently visited the Entomological Department 
of the Connecticut Agricultural Experiment Station, New Haven, Conn.: W. S. 
Blatchley, Indianapolis, Ind.; Dr. Alvah Peterson, Columbus, Ohio; W. V. Balduf, 
Urbana, Ill.; G. H. Lamson, J. A. Manter, and R. M. DeCoursey, Storrs, Conn: 
Dr. E. P. Felt and Stanley W. Bromley, Stamford, Conn. 


The Sixth Annual Conference of Entomologists working in Connecticut was held 
in Community House, Connecticut Agricultural College, Storrs, October 25, 1929, 
beginning at 10:30 A. M. The new entomological laboratories in Beach Hall were 
inspected. Dr. W. E. Britton was elected Chairman of the meeting and 68 were in 
attendance. The following program was carried out: Greeting, Geo. A. Works, 
President, and G. H. Lamson, Professor of Zoology and Entomology, Connecticut 
Agricultural College, Storrs; Present-Day Opportunities in Entomology, A. F. 
Burgess, Melrose Highlands, Mass.; Chief Entomological Events of the Season in 
Connecticut, W. E. Britton, New Haven, Conn.; Survey of Gipsy Moth Conditions, 
H. L. McIntyre, Albany, N. Y.; Shade Tree Insects in 1929, E. P. Felt and S. W. 
Bromley, Stamford, Conn.; Present Status of the European Corn Borer in the 
United States, L. H. Worthley, Boston, Mass.; The Japanese Beetle in the United 
States, C. H. Hadley, Camden, N. J.; Notes on the Biology and Methods of Control 
of Aserica castanea, Harold C. Hallock, Westbury, N. Y.; Some Aspects of Asiatic 
Beetle Control, R. B. Friend, New Haven, Conn.; An Attempt to Rear Parasites 
for the Control of the Oriental Peach Moth in Connecticut, Philip Garman, New 
Haven, Conn.; Katydids as Thermometers, J. A. Manter, Storrs, Conn.; Insecticide 
Studies at the Bartlett Research Laboratories in 1929, Stanley W. Bromley and 
E. P. Felt, Stamford, Conn. 
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Horticultural Inspection Notes 


Mr. Robert F. Wilbur was appointed Junior Plant Quarantine Inspector, Septem- 
ber 16, 1929, and assigned to the port of Nogales, Arizona. 


Mr. Norwood A. Eaton was transferred from the port of New York to Phila- 
delphia on September 18, to fill the vacancy caused by the transfer of Mr. A. G. 
Harley to Porto Rico. 

Mr. W. J. Ehinger, who has been employed as a Junior Plant Quarantine In- 
spector at the port of Philadelphia since January, 1927, was transferred on September 
23, 1929 to El Paso, Texas. 

On August 1, 1929, Mr. George L. Knight succeeded Mr. Edward Dickey as 
Chief of the Division of Horticulture of the Montana State Department of Agri- 
culture, habor and Industry. 

On account of the presence of the Mediterranean fruit fly in Florida, Texas has 
issued a State quarantine against the movement of nursery and floral stock as well 
as all citrus fruits from the State of Florida into Texas. 
Vacuum fumigation is tending to replace certification on the basis of origin as a 
basis for authorizing the movement of potatoes from California, under the potato 
tuber moth regulations of various States. During 1928, 257% carloads were so 
fumigated. 
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Mr. George G. Becker, of the Washington Office of the Plant Quarantine and 
Control Administration, spent the period September 18 to October 9 investigating 
plant quarantine problems at the port of Corpus Christi, Texas. Mr. Becker also 
visited San Antonio, Galveston, and Houston on official business before he returned 


to Washington. 


According to the State inspectors, the lesser bulb fly was the only bulb pest found 
in Virginia this past season in connection with narcissus inspection, although thou- 
sands of bulbs were cut in a search for Merodon. Several hundred thousand bulbs are 
reported to have been fumigated by various growers on account of Eumerus infes- 
tation. 


No infestation of the greater bulb fly has been reported in narcissus bulbs in the 
counties of the southern portion of California during the past two years, the last 
report of the fly from that region being in 1926, according to the annual report 
of the California Department of Agriculture for the calendar year 1928. 


The State Entomologist of Virginia reports that the organization for the enforce- 
ment of the State Cedar Rust Law was being worked out during November. The 
eradication campaign in the Shenandoah Valley will be continued during this coming 
winter, beginning early in December. Several hundred men will be employed in 
various parts of the valley, cutting down first-growth cedars and grubbing out 
cedar sprouts. 


According to J. S. Woodard, Chief Nursery Inspector of Texas, no citrus canker 
infections have been found in Texas during the past two years. For several years 
prior to 1928, occasional slight infections of this disease had been found in the Gulf 
Coast region, but every grove and every individual tree discovered with canker is 
dug up and burned. Both State and Federal departments of agriculture maintain 
forces of citrus canker inspectors in Texas for this purpose. 


The Federal satin moth quarantine regulations have been revised effective Novem- 
ber 1 to add to the regulated area thirty-eight towns in Maine, three towns in New 
Hampshire and five towns in Massachusetts, making a total of forty-six towns 
comprising approximately 1,871 square miles. The effect of the amendment is to 
prohibit the interstate movement of poplar and willow trees and parts thereof, 
capable of propagation, from this additional territory to outside points. 


Owing to the importance of the hard pine forests of South Dakota, that State 
has issued State Quarantine No. 7, relating to the Woodgate rust. The quarantine 
relates to the same species and to the same area as Federal Quarantine No. 65 and in 
addition provides that “‘any material imported into or possessed within the State 
of South Dakota in violation of this quarantine shall at the expense of the owner be 
immediately destroyed or returned to the point of origin."’ 


During 1928, the citrus white fly was found to have reached Ontario, California, 
Laurel Canyon in Los Angeles County, and a nursery near Altadena. Active eradi- 
cation work was undertaken at all these locations, as well as at the points to which 
infested nursery stock had been delivered. A spot infestation not previously re- 
ported was found in Yuba County. The eradication work in the formerly known 
control area in Sacramento and Marysville-Yuba City areas was continued. 
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During the latter part of October the pink bollworm was discovered in the Salt 
River Valley of Arizona on several farms east of Phoenix. In some of the plantings 
at the time of discovery a large proportion of the bolls were infested. The Federal 
pink bollworm quarantine was amended on October 30, the same day that the 
determination of the specimens as pink bollworms was confirmed at Washington, 
the amendment adding Maricopa and Pinal counties to the area previously desig- 
nated af regulated. 


Prof. Walter A. Price, formerly Associate Professor of Entomology at Purdue 
University, on September 1 took up his new duties as head of the Department of 
Entomology and State Entomologist of Kentucky, to fill the vacancy caused by the 
resignation of Dr. H. Garman. For the period from Doctor Garman’s retirement on 
July 1 until Professor Price’s arrival on September 1, Miss Mary Didlake, who had 
been Professor Garman’s assistant for a number of years, was appointed Acting 
Head of the Department and Acting State Entomologist. 


The United States Department of Agriculture reports an apparently greatly im- 
proved condition with respect to the Mediterranean fruit fly outbreak in Florida. 
No infestations with this insect have been discovered between August 27, 1929, 
and the time of the preparation of this report on November 12. This is not believed 
to indicate total eradication of the pest from the United States but unquestionably 
shows a very marked reduction in the amount of infestation, in view of the fact that 
between two and three hundred inspectors are still employed in the scouting and 
survey activities. 


The number of nurseries issued State nursery inspection certificates in Wisconsin 
on October 1, 1929, was 314. Prior to the adoption of the requirement that nurseries 
pay a fee for inspection, there was a continual growth in the number of applicants 
for such inspection, this number increasing from 136 in 1914 to 570 in 1927. A 
uniform tag is required to be used by all the Wisconsin nurseries. The employment 
of expired tags is avoided by printing the date 1929-30" in red figures not less 
than one-half inch in height over the face of the printed tag. 


Mr. R. W. Vance, State Nursery Inspector of South Dakota, was elected Secretary 
of the South Dakota State Horticultural Society at the last meeting of that organ- 
ization. Shortly thereafter, the society started the issuance of a monthly publication 
known as the South Dakota Horticilturi t, of which Mr. Vance is editor. Papers of 
interest to plant quarantine officers in recent issues include one relating to the 
Mediterranean fruit fly, published in October; “‘Barberries Good and Bad,”’ pub- 
lished in July and August, and others relating to entomological subjects which are 
not made the subject of plant quarantines. 


Texas is maintaining an absolute embargo against the movement of any citrus 
fruit whatever from any other section of the State or of other States into the Lower 
Rio Grande Valley (Cameron and Hidalgo counties). A new citrus-growing area 
known as the “Winter Garden” section, is developing west of San Antonio and 
around the town of Laredo. Trees moving from other parts of the State into this 
Winter Garden area must first be defoliated and dipped in an oil emulsion solution 
and the roots washed thoroughly before they are permitted to move. Road stations 
are maintained on the highways leading into these areas as an aid in the enforcement 
of these quarantines. 
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The regular annual meeting of the Eastern Plant Board was held in the American 
Museum of Natural History at New York City on October 18, 1929. Action taken 
by the Board included the adoption of resolutions relating to (1) the extension of 
Federal quarantines with respect to isolated points of insect infestation; (2) investi- 
gational or suppressive measures directed against recently established pests; (3) 
digests and indices of Federal Plant quarantines; and (4) the discontinuance of the 
Federal quarantine on the narcissus bulb fly. The former officers, Doctor T. J. 
Headlee, President, and Professor E. N. Cory, Secretary, were re-elected. 


Mr. G. T. French, State Entomologist of Virginia, visited the Japanese beetle 
laboratory and the beetle-infested area in New Jersey the latter part of July. Later, 
in October, Mr. French with Mr. C. R. Willey, Associate Entomologist, visited the 
nurseries where treatment was being carried on. Nursery inspectors of Virginia 
were instructed to keep a sharp lookout for the Japanese beetle this past season, 
especially in the northern part of the State. Considerable interest has been manifest 
by residents of the State concerning the Japanese beetle, and many insects of various 
kinds have been sent to the office of the State Entomologist for identification. 


Orders issued by the United States Department of Agriculture relating to the 
Mediterranean fruit fly during the last two months included: PQCA-243, Shipment 
of Florida Citrus Fruit Prior to October 1; PQCA-~244, Diversion of Florida Products 
at Southern Points; PQCA-245, Modification of Eradication Area; PQCA-250, 
Weekly in Place of Semi-weekly Cleanup of Groves and Gardens in Eradication 
Area, Authorized; and PQCA-253, Authorization of Transportation of Florida Host 
Fruits and Vegetables from the District of Columbia to Nearby Points in Virginia, 
in addition to the authorization of sterilization and the orders relating to that subject 
to which reference is made elsewhere. 


On August 1, 1929, the South Dakota State Department of Agriculture issued a 
revision of State Quarantine No. 6, prohibiting “the shipment or importation directly 
or indirectly into South Dakota of Alfalfa, alfalfa meal and mixtures containing 
alfalfa meal, grown, ground or stored in any infested district, other kinds of hay, 
cereal straw and the products made therefrom,” from the regions known to be in- 
fested with the alfalfa weevil. Prior to that time such shipment into South Dakota of 
alfalfa products was permitted under certain specified conditions. The Department 
states that South Dakota can produce more hay than can be consumed and that there 
is no necessity for shipping hay from infested regions into the State. 


In connection with the inspection of passenger-carrying airplanes from Mexico 
into the United States, carried out by the California State Department of Agriculture 
in cooperation with the United States Department of Agriculture and the Border 
Patrol of the U. S. Customs Service, a considerable number of important inter- 
ceptions of contraband plant material has been made. Prohibited fruits found in 
passengers’ baggage on such airplanes between July 1, 1928, and the end of the 
calendar year included seventy-three grapes, four peaches, fourteen oranges, four 
pears, eight apples and nine plums. In one instance an airplane operated by a 
private company was found to be transporting fruits in its stores. 


The National Association of Commissioners, Secretaries and Departments of 
Agriculture met at Washington on October 30, 1929. Practically all States were 
represented at the meeting. Doctor C. L. Marlatt addressed the convention on 
the work of the Plant Quarantine and Control Administration with special reference 
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to the action relating to the European corn borer, Japanese beetle and the Mediter- 
ranean fruit fly. Commissioner Mayo of Florida made a special appeal to the 
commissioners for the support of provisions for the compensation of Florida fruit 
growers who had suffered losses during the Mediterranean fruit fly campaign. Among 
the entomologists present at the meeting were: M. S. Yeomans, Atlanta, Ga., M. L. 
Dean, Boise, Idaho and D. B. Mackie, Sacramento, California. 


The Wisconsin State Department of Agriculture, of which Mr. Walter A. Duffy 
was Commissioner, was recently succeeded, as a result of action by the 1929 session 
of the legislature, by the State Department of Agriculture and Markets, which 
consists of a consolidation of the Dairy and Food Commission, the Department 
of Agriculture, and the Department of Markets, respectively. The new Department 
will be under the direction of three commissioners, namely, Charles L. Hill, Chair- 
man; William F. Renk and Herbert M. Knipfel. It is expected that Mr. Renk will 
devote his time largely to the work formerly conducted by the Department of Agri- 
culture, including the administration of the plant quarantine and nursery inspection 
work. Mr. E. L. Chambers continues as State Entomologist. 


The Virginia State inspection service is particularly stressing the inspection of box- 
wood in the nurseries and private plantings in the State on account of the recent 
establishment of the boxwood leaf miner. There are a number of old historical 
estates in Virginia as well as new estates which have very valuable boxwood on them. 
The owners of these plantings as well as the nursery inspectors are very anxious 
to keep them free from the infestation of the boxwood leaf miner. Attempts are 
therefore being made to inspect all the boxwood possible, especially that which is 
being shipped into the State from some-of the infested States to the north and east. 
A slight infestation has been found in the northern counties of the State. Beginning 
in November a program of treatment with the idea of eradication will be started. 


The phony peach disease regulated areas of Georgia and Alabama have been en- 
larged by the addition of nineteen counties in Georgia and six in Alabama in an 
amendment to Federal Quarantine No. 67, effective November 1. In view of the 
fact that the infected trees in these areas have been or are being destroyed as rapidly 
as found, the United States Department of Agriculture has divided the regulated 
areas into two sections, the ‘‘generally infected area’’ and the “‘lightly infected area” 
respectively. The movement of peach nursery stock and other restricted articles 
from either area to outside points and from the “generally infected area” to the 
“lightly infected area” is prohibited, except under permit. The Department states 
that it is expected that as the surveys continue and the intensive eradication oper- 
ations are undertaken closer to the center of infection the lightly infected area can 
gradually be expanded to include the counties in which substantial progress is being 
made toward the eradication of the disease. 


The State of Texas has recently been divided into nine nursery inspection districts, 
with a full-time inspector placed in charge of each district. The duties of the in- 
spectors include, in addition to the examination of nurseries and greenhouses, the 
inspection of narcissus bulbs, pecan plantings and sweet potatoes. The number of 
premises inspected in carrying out this work amounts to about eighteen thousand a 
year. The development of this districting organization and the recent increase 
in the number of inspectors have resulted in the discovery of more than one hundred 
nurseries and dealers in nursery stock who have been evading the State nursery 
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inspection laws. In connection with the nursery inspection work the most im- 
portant diseases of economic importance to which attention is being given are nem- 
atode, crown gall, and Ozonium root rot. One of the duties of the inspectors of 
pecan plantings and pecan nursery stock is that of giving special attention to the 
naming of varieties. This is particularly important in the case of pecans because 
of the long period before a transplanted tree begins to bear. 


A public hearing was held in the Office of the Plant Quarantine and Control 
Administration, Washington, D. C., on October 21 to consider the advisability of 
extending the quarantine on account of the Japanese beetle to the State of Rhode 
Island. Opportunity was presented at the same time for discussion of the territary 
to be included within the Japanese beetle and Asiatic beetle regulated areas in the 
States already infested with this insect. Among those participating in this dis- 
cussion were Messrs. C. H. Hadley, L. B. Smith and Harold C. Hallock of the United 
States Department of Agriculture; Doctor W. E. Britton, State Entomologist, New 
Haven, Connecticut; Doctor E. P. Felt, Stamford, Connecticut; Professor T. B. 
Symons, College Park, Maryland; Doctor T. J. Headlee, New Brunswick, New 
Jersey, and Doctor Glenn W. Hunter, Ithaca, N. Y., in addition to a large number 
of nurserymen and several attorneys representing nursery firms and associations. 
The action of the Department with respect to the various proposals made by the 
nurserymen, entomologists and others has not been announced. 


In order to aid the Appropriations Committee of the House of Representatives in 
its consideration of the needed appropriations for the Mediterranean fruit fly cam- 
paign in Florida, the Secretary of Agriculture recently appointed a special advisory 
committee of specialists not connected with the Department to secure the latest 
information on that subject. The personnel of this committee was as follows: W. O. 
Thompson, President Emeritus of Ohio State University; W. C. Reed, commercial 
fruit grower of Vincennes, Indiana; W. P. Flint, Chief Entomologist of the Illinois 
Natural History Survey; W. H. Alderman, Head of the Department of Horticulture, 
University of Minnesota; and J. J. Davis, Head of the Department of Entomology, 
Purdue University. This committee reported to the Secretary of Agriculture and 
conferred with the Appropriations Committee on October 22 after having spent a 
week in Florida and covered 1,300 miles through the infested and outlying areas. 
The report stated that ‘‘the results to date clearly forecast the possibility of complete 
eradication in Florida’ and commended the work of the research and control forces, 
the cooperation of the growers, and the sacrifices which the latter have made in 
destroying hundreds of thousands of bushels of fruit. In addition to recommending 
the continuance of the program of eradication, the committee proposed the appro- 
priation of an emergency fund as a reserve to be made available in the case of new 
outbreaks in outside areas. 


The appointment of Lee A. Strong of California, who was selected some months 
ago from a list of eligibles certified by the Civil Service Commission, to be chief of 
the Plant Quarantine and Control Administration, has been announced by the 
U.S. Department of Agriculture. Mr. Strong, who is assistant director of agriculture 
of the State of California, was formerly connected with the Federal department as a 
specialist in plant quarantine work and previous to that had been associated with 
the Federal Horticultural Board as a collaborator. In addition to his position as 
chief of the Plant Quarantine and Control Administration he will serve ex-officio 
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as chairman of the advisory Federal Plant Quarantine Board, made up of repre- 
sentatives of several bureaus of the department. He will take up his new duties 
about December 1. Dr. C. L. Marlatt, who has been filling the two positions of 
chief of the Bureau of Entomology and chief of the Plant Quarantine and Control 
Administration since July 1, 1928, retires at his request from the latter position in 
accordance with a plan which was authorized some two years ago. Doctor Marlatt 
was responsible for securing the passage of the Plant Quarantine Act of 1912 and 
since that time has been in charge of the administration of the Act as chairman 
of the Federal Horticultural Board and, since 1928, as chief of the Plant Quarantine 
and Control Administration. 


The following amendment to the Plant Quarantine Act of August 20, 1912, was 
proposed in the Senate Committee revision, September 4, 1929, of the Tariff Bill 
(H. R. 2667, Committee print, page 290): “(d) PLant Quarantine.—The Plant 
Quarantine Act, approved August 20, 1912, as amended, shall not be construed to 
authorize the Secretary of Agriculture to forbid the importation of any nursery 
stock or other plants, or fruits, vegetables, roots, bulbs, seeds, or other plant products 
unless such plants or plant products are infected with disease or infested with in- 
jurious insects, new to or not theretofore widely prevalent or distributed within 
and through the United States, or unless the Secretary of Agriculture has reason to 
believe that such plants or plant products are so infected or infested.”” This proposed 
amendment was rejected by the Senate on September 18. The debate in the Senate 
on September 12-14 and 17 with respect to this measure was lead by Senator Fletcher 
of Florida, the amendment being supported largely by Senator Reed of Pennsylvania. 
Senator Fletcher quoted extensively from a letter addressed to him by the Acting 
Secretary of Agriculture, Mr. R. W. Dunlap, in which it was pointed out that the 
enactment of this paragraph would render those sections which relate to the entry 
of foreign plants and plant products, of little or no. value as protecting the United 
States from the entry of new and dangerous insect pests and plant diseases, which 
is the sole purpose of these sections. The Acting Secretary stated that the proposed 
amendment would, in large measure, bring an opportunity for pest entry which 
existed prior to 1912. 

Dealers in nursery stock in Wisconsin are now required to pay a registration fee of 
$5.00 to meet the requirements of the State Nursery Inspection law, as amended 
by their last legislature. Previously, it was only necessary to furnish an affidavit 
listing all of the sources from which the applicant proposed to purchase nursery 
stock for reselling. Chain stores selling nursery stock in that State are required to 
take out a separate license for each store handling such stock. Resident nurserymen 
are required to submit a list of the sources of any nursery stock sold by them which 
they do not grow themselves. In addition they pay a minimum fee of $5.00 for the 
first acre or fraction thereof with one dollar for each additional acre up to ten and 
fifty cents an acre for additional acreage. Two large department stores in Milwaukee, 
Wisconsin, following the advice of the State Entomologist, have built elaborate 
greenhouses on the roofs of their stores in order to provide satisfactory storage and 
display facilities. A strenuous campaign is being waged in Wisconsin to see that 
every bundle of nursery stock sold by these stores is accompanied by the required 
inspection tag. 

On September 19, 1929, the Plant Quarantine and Control Administration of the 
United States Department of Agriculture. issued administrative instructions (PQCA- 
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246) prescribing the methods of sterilizing citrus fruit by refrigeration to prevent 
the spread of the Mediterranean fruit fly. The method authorized consists of cooling 
until the approximate center of the fruit reaches a temperature of 28° F. and holding 
the fruit at that temperature five hours; then raising the temperature of the fruit not 
higher than 30° F. and holding until a total period of five days has elapsed from 
the time the temperature of the approximate center of the fruit reached 28°F. Such 
refrigeration treatments were authorized not only in Florida but at certain designated 
cold storages in various other States, the largest being those located at New York, 
Philadelphia, Cincinnati, Chicago and St. Louis. Later, on October 12, the sterili- 
zation requirements were modified as to the area previously designated as infested, 
and all areas formerly so designated within which infestations had not been de- 
termined subsequent to July 31, 1929, were released. The effect of the later order 
was to make it unnecessary to sterilize any fruit moving into the area northeast of the 
District of Columbia except as to fruit originating in eight very limited isolated 
areas of approximately three square miles each. Only two or three cars were therefore 
sterilized in the Pennsylvania-New York territory but the method has been used 
extensively in the central States. On October 23, the use of heat for such sterili- 
zation was authorized, the following method being prescribed: Heating, in con- 
nection with the usual coloring process, the fruit to a temperature of 110° F. or 
above (not to exceed 115°) in the approximate center of the fruit and holding the 
temperature of 110° or above (not to exceed 115°) for a period of eight hours. Several 
hundred cars of grapefruit and a considerable number of cars of oranges have been 
sterilized under these regulations and the fruit is reported to be reaching the markets 
in a very satisfactory condition. 


Apicultural Notes 


A. W. B. Kjosness, of Boise, Idaho, and O. A. Lende, of Minneapolis, Minn., 
visited the Bee Culture Laboratory at Washington, on September 20. 


J. E. Eckert, Bureau of Entomology, of the Intermountain Bee Culture Field 
Laboratory, Laramie, Wyo., has completed the summer’s work on the flight range 
of the honeybee, which he has been conducting at Powell, Wyo. 


W. J. Nolan, Bureau of Entomology, judged the bee and honey exhibit at the 
Ohio State Fair, at Columbus, on August 26 and 27. The display was unusually fine, 
as the honey crop was the best in several years. 


E. J. Hambleton, of Cornell University, visited the Bee Culture Laboratory, 
Washington, D. C., on August 27, en route to the State of Minas Geraes, Brazil, 
where he will organize and conduct courses in entomology and apiculture at the 
Escola Superior de Agricultura e Veterinaria, at Vicosa. 


Dr. L. M. Bertholf, who continued this summer, at the Bee Culture Laboratory, 
his studies on the reaction of bees to light of various wave lengths and intensities, 
resigned his temporary appointment on August 29 to resume his duties at Western 
Maryland College, Westminster, Md. : 


Dr. Warren Whitcomb, Jr., Bureau of Entomology, of the Southern States Bee 
Culture Field Laboratory, Baton Rouge, La., attended the meeting of the Texas 
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State Beekeepers’ Association, College Station, Tex., on July 29 and 30. In con- 
junction with this meeting, Doctor Whitcomb also attended the meeting of the 
Texas Association of Queenbreeders and Bee Dealers. 


W. J. Nolan, Bureau of Entomology, while on annual leave, attended the meetings 
of the Apis Club held in Berlin, Germany, August 9 and 12. He reports that it 
was one of the best meetings ever held by the Apis Club, with practically all of the 
prominent beekeeping investigators of Europe in attendance. Representatives from 
21 countries were present. 


Dr. Warren Whitcomb, Jr., and Dr. E. Oertel, Bureau of Entomology, of the 
Southern States Bee Culture Field Laboratory, appeared on the program of the 
meeting of the Louisiana State Beekeepers’ Association, held at Baton Rouge on 
August 7 and 8. This meeting was held in connection with Farmers’ Week at the 
College of Agriculture of Louisiana State University. 


Mrs. Richardson and Miss Theresa Dansdell, who are assisting Dr. H. E. Barnard, 
President of the American Honey Institute, in his work of organizing the White 
House Conference on Child Health, of which he is the executive secretary, visited 
the Bureau of Entomology Bee Culture Laboratory on August 23 to study the 
system used by the Laboratory in cataloging beekeeping literature. 


Dr. W. W. Alpatov, of the University of Moscow, who has been studying in this 
country for the past two years as a Research Fellow of the International Education 
Board, has recently returned to Russia. On numerous occasions Doctor Alpatov, 
consulted with the members of the staff of the Bee Culture Laboratory, Washington, 
D. C., concerning his researches on the biometrics of the honeybee. He will continue 
his investigations in Russia. 


Jas. I. Hambleton, Bureau of Entomology, appeared on the program of the 
Vermont State Beekeepers’ Association at their annual meeting held at Barre, Vt., 
on August 30. The Association signified its willingness to compile a list of all bee- 
keepers in the State of Vermont. This list will be available in checking the returns 
of enumerators in the 1930 census, when every effort will be made to compile reliable 
statistics on bees and honey. 


A paper dealing with honey production in the United States, which has been 
prepared in the Bee Culture Laboratory, Bureau of Entomology, will be distributed 
through the Foreign Section of the Bureau of Agricultural Economics to honey 
buyers in Germany and other foreign countries who have signified a desire to have 
available, for distribution to the honey trade, literature dealing with the types of 
honey and methods of production in the United States. 


E. L. Sechrist, Bureau of Entomology, has returned from a six weeks’ trip in the 
Intermountain States, where, among beekeepers who are cooperating in this work, 
he continued studies on problems of honey production. A preliminary report has 
just been issued, dealing with the data obtained during 1928. Plans are under way 
to inaugurate similar studies in the white-clover belt. A number of States are 
anxious to help in the work, and are offering the Department facilities which will 
enable it to be undertaken on a very comprehensive basis. 


The Mountain States Honey Producers’ Association has appealed to the Federal 
Farm Loan Board for assistance which, it is hoped, will be useful in stabilizing prices 
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of honey. A. W. B. Kjosness, of Boise, Idaho, who is general manager of the As- 
sociation, came to Washington in the latter part of September and presented the 
Association’s case to the Federal Farm Loan Board. By invitation, H. C. Clay, of 
the Bureau of Agricultural Economics, and Jas. I. Hambleton, Bureau of Ento- 
mology, attended the meetings at which this was done. The presentation was well 
received, and if it is approved, as seems likely, the effect should be very beneficial. 
In this action the Mountain States Honey Producers’ Association has taken an 
important step forward, and is leading the way for other assoications of honey 
producers which, if organized on a purely cooperative basis, might be benefitted by 
similar action. 


Jas. I. Hambleton, Bureau of Entomology, attended the meeting of the American 
Honey Institute, at Stevens Hotel, Chicago, on September 24. At this meeting Dr. 
H. E. Barnard, President of the Institute, gave a report of its work for the past six 
months. Although the American Honey Institute has been in operation for only a 
short time it has already done very excellent work in increasing the demand for honey. 
It has succeeded in arousing the interest of many bakers’ organizations in the use of 
honey, and has been instrumental in arranging honey displays in connection with 
dietetic meetings, food shows, and the like. It is working in close cooperation with 
the Bee Culture Laboratory and other Government offices which are interested in 
the production and utilization of honey. It is financed by the Bee Industries As- 
sociation, an organization of manufacturers and dealers in bee supplies, honey 
bottlers, and beekeepers’ organizations. 


Notes on Medical Entomology 


H. S. Peters, Bureau of Entomology, attended the sessions of the American 
Ornithologist’s Union at Philadelphia, October 23rd to October 25th. 


G. W. Bruce, Bureau of Entomology, aided in the handling and demonstration of 
the Department Exhibit at the Illinois State Fair at Springfield, August 17 to 24. 


G. H. Bradley, Bureau of Entomology, made a trip to Portland, Ore., August 10 
to 20, to conduct an inquiry into the mosquito situation along the Columbia River. 


During the greater part of August, O. G. Babcock, Bureau of Entomology, carried 
on a survey of pests of livestock and poultry in western Texas, Colorado, and New 
Mexico. 


Dr. Maurice C. Hall visited the Dallas Bureau of Entomology laboratory on 
October 19th in company with Drs. Grove and Darby of the Fort Worth office of 
the Bureau of Animal Industry. 


On October 11th the Bureau of Entomology insectary building at Mound, Louisi- 
ana, which housed a Ford truck, a Kohler light plant and various items of laboratory 
equipment, was destroyed by fire. 


F. C. Bishopp, Bureau of Entomology, left Washington, September 26, on a trip 
of several days’ duration to points in South Carolina and Georgia to investigate 
outbreaks in that region of the pigeon fly (Lynchia) Pseudolynchia maura. 
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Dr. C. J. Drake, Iowa State College, visited the Washington Office on October 
31st, at which time the pigeon fly and various other problems relating to insect 
pests of poultry and live stock were discussed. 


Mr. C. R. Twinn, Entomological Branch, visited Hemmingford, Que., in early 
September and, with the assistance of Mr. G. H. Hammond, made a survey of the 
anopheline fauna and breeding places in the district. A large number of Anopheles 
larvae were tollected for rearing and experimental work. 


D. C. Parman, Bureau of Entomology, left Uvalde, October 20th and arrived at 
Coachella, California, October 24th. Ranches were visited along the way, stops 
being made at Alpine, Texas; Safford, and Duncan, Arizona; and Blythe, California 
for the purpose of making observations of blowfly parasites and flies affecting animals. 


H. Bennett Johnston, of the Wellcome Laboratories, Khartoum, Sudan, visited 
Washington, August 12. Part of his time was spent with F. C. Bishopp, discussing the 
work of the Bureau on cotton insects, especially with reference to the character and 
type of injury to cotton, produced by plant bugs and discussing the situation in 
Khartoum regarding parasites of the pink bollworm. 


D. G. Hall, Bureau of Entomology, of Coachella, Calif., spent the greater part of 
August at the field laboratory at Uvalde, Tex. While there he devoted some time 
to a study of the large collection of sarcophagids captured in the trapping experiments 
which E. W. Laake and E. C. Cushing are carrying on in Menard County, Tex. 
Since his return he reports that rains during the latter part of September brought 
out immense swarms of the eye gnat, Hippelates, sp. 


On October 17th, E. W. Wells, Bureau of Entomology, left his station at Galesburg, 
Illinois, for Dallas, Texas, where he will conduct, in cooperation with the Bureau of 
Animal Industry, tests with various insecticides against the cattle grub. En route, 
south, Mr. Wells made status examinations of the cattle grub and other live stock 
parasites at various points in Missouri, Oklahoma, and Northwest Texas. He also 
conferred with Dr. Marion Imes and other representatives of the Bureau of Animal 


Industry at Kansas City. 


W. G. Bruce, Bureau of Entomology, assisted the Office of Exhibits at the fairs 
on the southern circuit at Bethany, Missouri, Tulsa, Oklahoma, and Muskogee, 
Oklahoma, at each of which the Department of Agriculture displayed special exhibits. 
Among these was the exhibit relating to lice and mites of poultry in which Mr. Bruce 
reports there was much interest shown. At the conclusion of the fair at Muskogee 
on October 5th, Mr. Bruce proceeded to Manhattan and various other points in 
Kansas for the purpose of conducting studies of stable flies and other live stock pests. 


On August 9 F. C. Bishopp, Bureau of Entomology, took Major P. R. Hawley, 
M. C. U. S. Army, and Dr. Siribaed Bisuddhi, of Siam, to the Marine Station at 
Quantico to look over the operations there on control of mosquitoes. Captain R. G. 
Heiner, M. C. U. S. Navy, very kindly arranged for a special demonstration of air- 
plane dusting of aswamp area. This treatment is carried out as a routine procedure 
in the anti-anopheline work under way on the Quantico reservation. Major Hawley 
is in charge of the sanitary work of the survey for a Nicaraguan canal, which the 
Army was recently authorized to carry out. 
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logy, describing the types and effects of injurious insects and out- 
lining ways and means for control of insects harmful to forests. 


Examples of insects illustrating various ecological groups are 
discussed in more or less detail. These examples have been 
selected on the basis of their importance as pests, and in so far 
as possible, representatives from different parts of North America 
have been used. 


Chapter Headings 


I.—Introduction. X.—Leaf-Eating Insects. 
Il.—Historical Review. XI.—Meristem Insects of the Terminal 
III.—Biotic Potentia}. Parts. 
IV.—Environmental Resistance. XII.—Meristem Insects of the Cambium 
V.—Insect Abundance. Region. 
VI.—Direct Control of Tree Insecis. XIII.—Cambium-Wood Insects. 
VII.—Direct Control by Chemical Methods. XIV.—Wood Destroyers. 
VIII.—Indirect Control of Tree Insects. XV.—-Sap-sucking Insects. 


IX.—Indirect Biotic Methods and Silvicul- XVI.—Insectivorous Parasites. 
tural Practices. XVII.—Insectivorous Predators. 


McGRAW-HILL BOOK COMPANY, Inc. 
Penn Terminal Building 


New York 


370 Seventh Avenue 
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PUBLISHED BY THE AMERICAN ASSOCIATION 
OF ECONOMIC ENTOMOLOGISTS 


REDUCTION IN PRICE ON ALL INDICES 


February 15, 1929 
Index to the Literature of American 


Economic Entomology 
1905 to 1914 
By Nathan Banks 


This book, containing 330 pages, is a working index of American literature on 
economic entomology for the years 1905 to 1914. 

Postpaid to United States, Canada, Cuba, or Mexico, $5.00; all other countries, 
$5.50. 


Index II to the Literature of American 


Economic Entomology 
1915 to 1919 
By Mabel Colcord 


This book, bound in cloth, containing 390 pages, indexes American literature on 
economic entomology for 1915 to 1919. 

Postpaid to United States, Canada, Cuba, or Mexico, $5.00; all other countries, 
$5.50. 


Index III to the Literature of American 


Economic Entomology 


1920 to 1924 


By Mabel Colcord 


This book, bound in cloth, containing 441 pages, indexes American literature 
on economic entomology for 1920 to 1924. 
ee to United States, Canada, Cuba, or Mexico, $5.00; all other countries, 
50. 


COMMON NAMES OF INSECTS 
Approved for general use by the 
AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 
Only a limited edition of this 25 page separate on hand. Order your copies 
now. Present rate 25 cents. 


Ist Supplement to List of Common Names. 145 cents 


No library is complete without these publications and every 
working entomologist constantly needs them for reference. Take 
advantage of this reduction in price and 


Send orders to: C. W. COLLINS, Secretary, 
Melrose Highlands, Mass. 
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JOURNAL OF ECONOMIC 
ENTOMOLOGY 
Feb. 15, 1929 


Prices for back volumes and single numbers of the 
Journal of Economic Entomology are as follows until 
further notice: 


Volume 1, Nos. 1, 3, 4, 5 and 6, 1908.......... 
(No. 2 out of print) Single numbers $1 each, 


(No. 1 sold only with complete volume. Other numbers 
$1.00 per copy) 


Volume 16, 3. 50 
(Nos. 2 and 3 sold only with complete volume.) 
(No. 1 sold only with complete volume.) 
Volume 21, 1928 (Current Volume)............. 3.50 
Volume 22, 1929 (Current Volume)............. 3.50 


On volumes mailed to foreign countries an extra charge of 50 cents 
is made to cover postage. 


Price of all other single numbers, 75c each. 


C. W. Collins, 
Business Manager. 
Melrose Hlds., Mass. 
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S N C 0 
Not merely 


a miscible 


PRAY 


IS A PETROLEUM SOAP CONTAINING A 
HIGH PERCENTAGE OF “FATTY ACIDS” 
HAVING HIGH INSECTICIDAL VALUE. 


Controls scale, aphis, red mite and red bug on 
apple trees applied just after buds open. 


Most efficient for spraying shade and ornamental 
trees and shrubs. 


Evergreen red spider is controlled by 1° strength 
during summer. 


SUNOCO will not freeze or deteriorate 
Descriptive literature and information free. 


SUN OIL COMPANY, 1608 WALNUT ST., PHILADELPHIA 


SCARAB COMPANY 


201 Thornelil Str., West Lafayette, Ind. 


Books by Atex. D. MacGiiivray, Ph.D. 
Late Professor of Systematic Entomology in the University of Illinois 


THE COCCIDAE 


Tables for the Identification of the subfamilies and some of the more 
important Genera and Species together with Discussions of 
their Anatomy and Life-History 
IX + 502 pages. Oxginches. 8 mo. $6.00, net, postpaid. 
The most complete account of scale-insects in a single volume in any 
language. Tables to subfamilies, genera, and many species. 
EXTERNAL INSECT-ANATOMY 
A Guide to the Study of Insect-Anatomy and an Introduction to 
Systematic Entomology 
X + 388 pages. Oxginches. 8 mo. $4.00, net, postpaid. 
A detailed discussion of all parts of the external anatomy of insects with 
comprehensive descriptions of particular species for guidance of students. 
FIGURES OF INSECT-WINGS 
Drawings of the Wings of Insects for Labelling the Veins and Cells 
142 figures on sheets 8 1/2 by 11 in a manilla cover, 
50 cents each, Io sets for $4. 00, postpaid. 
The largest and most perfect set of figures of the wings of insects ever 
offered for sale. Printed upon heavy bond paper with pale ink. An ideal 
method of studying and labelling the wing-veins of insects. 
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BIBLIOGRAPHY OF THE NORTH AMERICAN HEMIPTERA-HETEROPTERA 


By H. M. Parsu ey, Professor of Zoology in Smith College 
Published June, 1925. 252 pages. Price $3.60, postpaid. 
No entomologist whose labors touch the Heterop- 


tera at all can afford to be without this new biblio- 
graphical help.—E. P. VanDuzee. 
Address orders to 
President’s Office, Smith College, Northampton, Mass. 
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A Low-Price, Pest-Proof, Insect Box of Sturdy Construction 


THE HOOD INSECT BOX 


This box was designed by Professor J. Douglas Hood of the University of 
Rochester and was used extensively as a container for many of the insects collected 
in the Cornell-Rochester Entomological Expedition through Western United States in 
the summer of 1927. Specimens were carried in HOOD BOXES for a distance of 
5,000 miles over many of the poorest roads in the country. Often times the boxes 
were merely tossed into the tonneau of the automobile and other luggage piled on 
top, and yet the specimens came through in perfect condition. 


The HOOD BOX is 83’x12}’x2}’, outside dimensions. The pinning bottom is a 
sugar-cane pulp composition: an excellent substitute for cork. The box is lined 
throughout with white glazed paper and the outer covering is a heavy black water- 
grain paper. The frame of both ol and cover is made from three-ply veneer with 
interlocked corners which enables us to make a tight-fitting cover which is pest-proof 
to an extent which is impossible when only cardboard is used. In all respects the 
HOOD BOX is of quality construction, very different from other low-price boxes 
now on the market. 


Special Features of the HOOD BOX 


1. Pest-Proof. 

2. Wooden Frame. 

3. High shoulder, protecting specimens. 
4. Excellent pinning bottom. 

5. High quality box at low cost. 


PRICES: $1.25 each. Special rates in quantity. 


WARD’S NATURAL SCIENCE ESTABLISHMENT 


84 College Ave. Rochester, N. Y. 


IMPORTANT NOTICE TO PRINTING 


ALL SUBSCRIBERS 


All subscribers are requested to We are especially well prepared 
notify the Business Manager if with complete modern 


any change of address is desired. : 
The Mailing List is carefull equipment, skilled workmen 


prepared for each issue and ea and many years’ experience for 
subscriber is requested to imme- Printi Bindi d Plati 
diately report any failure to re- 
— the —, Unless such Books, Essays, Theses, etc., 
Jotice is received from Sulscrib- 
ers in the United States within in English, French, Spanish, 
sixty days or from foreign Sub- Greek and other languages. 
— within ninety days from 
te of mailing the issues, the Corr 
missing numbers will be furnished 
only at the regular published rate. 


W. F. HUMPHREY 


C. W. Collins, Business Manager 300-312 Pulteney St. Geneva, N. Y. 
Melrose Highlands, Mass. U. S. A. 


ESTABLISHED 1885 
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ANNOUNCING 


a new book on the essentials of entomology 
with emphasis on economic phases 


C. L. Metcalf, Professor of Entomology, University of 
Illinois, and W. P. Flint, Chief Entomologist, Illinois 
State Natural History Survey, have collaborated in the 
writing of this latest addition to entomological literature. 


Thus the book combines both the practical and the 
theoretical, for it is the outgrowth of twenty-five years’ 
experience in practical entomological work on the part 
of one author and fifteen years’ teaching experience 
on the part of the other. 


Destructive and Useful 
Insects 


McGraw-Hill Publications in the Zoological Sciences 
(Dr. A. Franklin Shull, Consulting Editor) 


918 pages, 6 x 9, 561 illustrations. $7.50 


The book is intended as a textbook for the beginning 
student and is especially adapted to two types of in- 
troductory courses. 

(1) A basic course for students who wish to make a 
further special study in the subject and biological 
students who desire an introduction to ento- 
mology. 

(2) A practical course in applied entomology for 
agricultural students. 

The first ten chapters cover the fundamentals of 
technical entomology. The later chapters are devoted to 
an analysis of the more important insect pests of the con- 
tinental United States and Southern Canada. 


Send for a copy on approval 


McGraw-Hill Book Company, Inc. 


Penn Terminal Building 


370 Seventh Avenue New York 
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BXCHANGES 


long 
month 


BACK NUMBERS WANTED 


Will gay $1.00 for No.2, Volume and $1.00 each for | of Vol. 8) 


of Vol. 42, Nos. Zand 8 of Vol; 18 mid No. tof Vo!. 19, to complete seta. Additeae 


AMERICAN ASSOCIATION OF ECONOM'C © \TOMOLOGISTS 
MELROSE HIGHLANDS, 


FOR SAUH-—Bound volumes of Entomological News: Vols. 12-29 (1901-1918), 
31-84 (1920-1928), $50.00. Clemson College Library, «mson College, 5. C. 


FOR SALE—Complete set of the Illinois Reports, to 29 inclu- 
sive. Partly bound. Special bargain price for cash. Address: Mrs. Nellie D. Migs 
Connell, Hamiin Street N. E., Waghington, . 


SEE ASSOCIATION advertisement.on page iv for in price of Indices 
I to Il to the Literature of American Beonomic Exton. 


“WANTED—A few copies of Wash. State College Bul. 124 “Budweewils. aid 
Bud-eating Insects of Washington,” M. A. others, Box 243, Yakima, 


WANTED-—Entomological News, Vol. 38, No. 2, complete set buy 
whole yolume if desired. Albert Hartzell, Boyce Thompson Institute for Plant 
Research, Inc., Youkers, N. Y: 


“POR SALE—9000 bulletins, circulars, reprints, rts. urnals, and books on 
variots phases of Biology——m Entomology. Prices for single sumbers or the 
lot furnished'on inquiry. J. W. Bailey, Clinton, Mis 


MANUSCRIPT, RULES AND SUGGESTIONS 


MANUSCRIPT for publication ghould be sent to ‘he Editor, E. Porter Felt, 
Bartlett Tree Research Laboratories; Stamford, Conn. 
Submit clean copy. It should be clearly a double spaced, well 
w 


written on one gide of the paper and forward miolded. Clarity of it, come 


and Goncisencss aremost desirable. A voir! multiplicity of sub 
ide heads meet most needs. Number faotnotes consecutively, Citations 
give yerr, author title, name of publication, volume page, preferably ia the 
order given, Supply clear, concise headings for tabulations and indizate their 
approximate|position. Plan them for individual pages le and do mot expect 
to too miuch on one page. 

printed pages are the limit unless the author wishes to pay $2.50 per page for 
the excess matter. Prompt publigation of arceptable matter may be secured by 
meeting the entire cost of the paper. 


ABSTRACTS are required. They should be of reasonable length, the essen- 
tials of the paper and ordinarily should not be descr pt. a 


ILLUSTRATIONS are accepted in the discretion of the Editor,  Indistingt 
_ photographs and poorly executed @ewings are rarely worth reproduction. Tia 

trations should be a real contribution to the text. Ordinarily two plates may be 
run With the average paper ana more if at the expens: of author. Sharpcontrmsts 
are necessary in line ings or charts, and originals are preferred to even the Best 
photographs of drawings. notmake numerals permanent part of figures, since 
most illustrations must be renwaibered. Use letters designation of 
figures. .Mark all illustrations and electrotypes with (he name of the authoe and 
indicate the top whenever there is the #lightest chanc: misun jerstanding. “Photo. 
engravings may be obtained by authors at Cost. 


CURRENT NEWS AND NOTES should be sent to t+ Associate Editor, Dwight 
M. DeLong. Ohio State University, Columbus. Ohio. 


‘ek 


or Waate ef. not over three lines will be inserter 
the epace of thi will permit: the newer ones being added and oldest dropp 
Send all notices cach to C. W. Collins, Malmse Highianss, Mass., by the 15th of we 
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‘AMERICA. ASSOCIATION. OF ECONOMIC: ENTOMOLOGISTS 


"Président, T. J. New Brunswick; J, 
First Vice-Presideni, E. R. Sasecen, 
W. Cotins, Melrose Highiands, "Mass. 


BF... Taomas, College Station, Texas (Cotton States Branch). 

Ni Coay, College Park, Maryland (Eastern States'Branch) 

FP. N. Watxacs, Indianapolis, Ind. (Section of Plant Quarantine and 
“J. A. Hystop, Washington, D. C. (Settion’oi Extension) 


1888, Incorporated Desumaber 29, 1213) ~ 
OFFICERS: 


Vice-Presidents __ 
0. Swezy, Honolulu, H. T. (Pacific Slope Branch) 


Inspection). 
G. M. Bentizy, Knoxville, Tenn. (Section of Apiculture). 


Pacific Slope Branch R. E. Camrsrcit, Alhambra, Calif. 

Cotton States Branch. O. I. Swarr, Fort Valley; Ga. 

Eastern States Branch, H. B. Wetss, Trenton, N. }. : 

Section of Plant Quarantine and Inspection, S. ee 
ton, D, C. 

Section of Apiculture, ©. N. Cory, College Park, Md. } 

Section of Extension, G. F. MacLeop, State College, Pa. : 


JCURNAL OF ECONOMIC ENTOMOLOGY 


Official Organ of American Association of Reonomie Entomologists 


A bimonthly journal, published February to December, on the 15th of the month, 
@evoted to the interests of Economic Entomology and publishing the officia! notices 
aiid proceedings of the American Association of Economic Entomologists. Address 
business communications to the Jouzsat or Economic Extomorocy, Melrose High. 
lands, Mass. 

T&RMS OF SUBSCRIPTION. Ia the United States, Cuba, Mexico and Can. 
ada, three dollars and fifty cents (23.50) annually in advance. To foreign countries, | 
four dollars ($4.00) annually in advance. Single copies, seventy-five cents. Tomem. ~~ 
bers of the American Association cf Economie Entomologiste, two dollars and fifty — 
cents ($2.50).annually in advance. 50 cents extra for postage to foreign members. 

MANUSCRIPT for publication should be sent’'to the. Editor, EB. Porter 
Bartlett Tree Research Laboratories, Stamfors', Conn. (See alao preceding page.) 

“ CURRENT NEWS AND NOTES shoald be sent to the Associate Editor, D. M. 
DgLons, Ohio State University, Columbus, Ohio. 3 

SUBSCRIPTIONS AND ADVERTISEMENTS should besent to the Business | 
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